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Sir: 



I, Pierre-Alain VITTE, hereby declare and state as 



I am Head of Target Pharmacology at Merck Serono 



International S.A. in Geneva, Switzerland. My educational and 
professional experience is presented in the curriculum vitae 
attached hereto. 



The experiments described below evaluate the efficacy 



of OPG(N)-Fc, which is a fusion protein composed of the N- 
terminal residues (1-194) of osteoprotegerin (OPG) and the Fc 
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portion of human IgGi with preserved effector function, in a 
mouse model of lung fibrosis (as induced by bleomycin) were 
conducted by me or under my direct supervision and I can attest 
of ray own personal knowledge that all the results of the 
experiments with OPG(N)-Fc reported herein are true and 
accurate. The fusion of the Fc portion to the N-terminal part 
of OPG is used to prolong the half-life of a biological 
molecule, as is well known in the art. 

METHOD 

The activity of OPG(N)-Fc was tested according to 
Example 9 of the application. Lung fibrosis was induced in 
ketamine/rumpum anesthetized female mice (C57BL/6, 22-25g, 
Elevage Janvier) by bleomycin sulfate (5 lU/ml) intratracheally 
administered (20 pi). Body weight was determined daily. 
Fourteen days after the induction of the disease, the animals 
were sacrificed. The lungs were weighed before and after drying 
(overnight in a Speedvac apparatus; see Figs. lA and IB) . The 
level of edema in the lungs was estimated by measuring the water 
content. Fibrosis was assessed by the content of collagen in 
the lungs, as estimated by the content of hydroxylproline . 
Hydroxyproline content was determined using the method published 
by the Association Frangaise de Normalisation - www.afnor.org - 
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(NF V 04-415) . Briefly, hydroxyproline was released from 
collagen by acidic hydrolysis (6N HCl, overnight at 110°C)/ 
oxidized by chloramine T and coupled with p- 

dimethylaminobenzaldehyde. The concentration of this compound 
was determined by spectrophotometry at 558 nm. 

OPG{N)-Fc was diluted in phosphate saline buffer (PBS) 
and administered subcutaneously at a dose of 0.31, 1.25 and 5 
mg/kg (once daily, 5 days a week) . The first administration was 
done 4 hours after challenge with bleomycin. Control animals 
(Ctrl) received PBS (10 ml/kg, sc, once daily, 5 days a week) . 
Sham animals received saline (20 pi intratracheally) and PBS (10 
ml/kg, sc, once daily, 5 days a week) . 

RESULTS 

OPG(N)~Fc, administered at a dose of 0.31, 1.25 and 5 
mg/kg, significantly reduced bleomycin-induced lung edema 
(estimated by the water content; see attached Fig. 4) by 15%, 
26% and 38%, respectively. 

A statistically significant reduction of lung fibrosis 
(-13%, -33% and -35%, p<0.05 and 0.01; see attached Fig. 3) was 
also observed when OPG(N)-Fc was administered at dose of 0,31, 
1.25 and 5 mg/kg, respectively. 
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Bleomycin- induced-body weight loss was improved when 
OPG(N)-Fc was administered at a dose of 0.31, 1.25 and 5 mg/kg 
(see attached Figs. 1 and 2). 

DISCUSSION 

OPG{N)-Fc, administered at a dose of 0.31, 1.25 and 5 
mg/kg in a preventive/curative dose regimen, significantly 
reduced edema and fibrosis of the lungs that were induced by 
bleomycin, and furthermore reduced body weight loss. 

This model of bleomycin-induced fibrosis mimics the 
pathology observed after treatment of cancer with bleomycin. 
Bleomycin is a compound derived from a fungus that is used as an 
anticancer agent. A severe side effect of bleomycin treatment 
is fibrosis. Bleomycin is used in art-recognized animal models 
to induce fibrosis (Yamamoto T, ''The bleomycin-induced 
scleroderma model: what have we learned for scleredema 
pathogenesis?" Arch Dermatol Res. 2006 Feb; 297 (8) : 333-441) , a 
copy of which is attached hereto. When applied to the lungs, 
bleomycin induces lung fibrosis (Hattori et al., '^Bleomycin- 
induced pulmonary fibrosis in f ibrinogen-null mice, J Clin 
Invest. 2000 Dec; 106(11) :1341-1350) , a copy of which is 
attached hereto. The pathophysiological mechanisms (leukocyte 
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infiltration, collagen deposit, etc.) are very similar to those 
described in primary lung fibrosis. 

The data show that the N-terminal region of OPG with 
the amino acids 22-194 is sufficient to induce the anti-f ibrotic 
effect of OPG (amino acids 1-21 make up the signal peptide, 
which is cleaved upon secretion of OPG and is therefore not 
present in the mature OPG protein in vivo) . Based upon this 
data and the data in the application demonstrating the anti- 
fibrotic effect of full-length OPG, I would expect that a 
peptide comprising amino acids 22-194 or a peptide comprising a 
sequence having at least 90% identity with amino acids 22-194 
also has an anti-f ibrotic effect. 

The undersigned declares further that all statements 
made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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Annex 

Fig. 1 
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Fig. 3 
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Fig. 4 
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CURRICULUM VITAE 



VITTE Pierre-Alain 
Date of birth: 02/12/1956 

French 

Address: 194, route de Borly, 70, Vert-Village, 74380 Cranves-Sales 
Tel. : (+33) 04 50 36 71 83 (private) 

(+41) 022 706 97 91 (professional) 

(+41) 795 984 857 (mobile professional) 
E-mail : pierre-alain.vitte@wanadoo.fr 



EDUCATION 

- Phaimacist, U.F.R. Pharmacie, Lyon, France, 1980 

- "Docteur d'Etat es Sciences Pharmaceutiques" (PhD), U.F.R. Pharmacie, Lyon, 1987 

- "Charge de Recherche INSERM", 1983-85 

- "Ancien Interne en Pharmacie des Hopitaux de Lyon", promotion 1981 

- "Diplome d'Etudes Approfondies de Physiologic", U.F.R. Pharmacie, Lyon, 1981. 

PROFESSIONNAL EXPERIENCE 

❖ MERCK SERONO INTERNATIONAL S.A., Geneva (1999-) 

> Position: Head of Taiget Pharmacology 

> Experience and responsibilities 

* Drug discovery 

- Therapeutic areas: autoimmune diseases (rheumatoid arthritis, multiple sclerosis, 
ulcerative colitis), diabetes, neurodegeneration (stroke, neuropathy), chemotaxis / inflammation, 
oncology (leukemia), preterm labor, safety pharmacology, pharmacokinetics. 

- Function 

- Elaboration of the strategy of m vivo screening 

- Set-up and validation of animal models 

- Day to day screening of small molecules and proteins 

- Target validation 

- Pharmacokinetics in rodents 

* Pharmaceutical development: pharmacologist expert in "Project Teams" 
(autoimmune diseases, allergy ,diabetes, neurodegeneration, preterm labor). 

* Outsourcing of studies (CRO and Universities). 

* Management of pharmacokinetics and toxicology studies between Serono centers. 

* Animal experimentation: relationships with the Swiss Veterinarian Authorities, 
member of Serono Ethics Committee for Animal Experimentation. 

* Management of an animalry: breeding of transgenic animals in SPF zone; prion zone. 

* Basic research: Student programs (Postdoc, PhD, Master). 
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❖ BRACCO RESEARCH SA, Geneva (1993-1999) 

> Position : Head of Safety Pharmacology Group 

> Experience and responsibilities 

* Safety Pharmacology: cardiovascular, respiration, CNS, immunology, hematology 

and coagulation (GLP studies). ^ r . 

* Basic Research: study of the physiological and biochemical mechanisms of the side 
effects of particles administered by pai'enteral routes. 

* Pharmaceutical Development: expert in safety pharmacology in the pre- 
development programs of contrast media for echography and X ray Scan. 

❖ BATTELLE MEMORIAL INSTITUTE, Geneva (1988-1993) 

> Position: Research Scientist in Contract Research Service. 

> Experience and responsibilities 

* Study Director 

. Brain imaging, cerebral ischemia, behavior pharmacology (memory and 
depression). 

- Safety pharmacology, pharmacokinetics, endocrinology. 

- Receptor binding {in vitro and in vivo). 

* Marketing / Sales 

❖ INSERM U171, Croupe de Neurochimie FonctionncUe, Lyon (1983-1985) > 

> Position: "Charge de recherche" INSERM. 

> Experience 

* Functional Neuroanatomy and cerebral metabolism 

* Neuroendocrinology. 

* PET Scan 

❖ IN TERNAT EN PHARMACIE, Lyon (1981-1988) 

> Position: Interne en Pharmacie. 

> Location: Pharmaceutical Services of "Hospices Civils de Lyon'\ 

> Experience: Clinical toxicology, clinical biochemistry, phai'macokinetics, nuclear 
medicine, analytical chemistry (chromatography, radioimmunology), microbiology. 
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PATENT APPLICATIONS 

1 . Dreano Michel and Vitte Pierre>Alain . Use of gpl 30 activators ia diabetic neuropathy, 
Publication number WO 03/033015 Al, October 2001. 

2. Gaillard Pascale, Gotteland Jean-Pierre and Vitte Pierre-Alain . Piperazine benzothiazoles, 
European Patent Application Number 02 1 004 1 7. 1 , April 2002. 

3. Gaillard Pascale, Gotteland Jean-Pierre and Vitte Pierre-Alain. Piperazine benzothiazoles as agents for 
the treatment of cerebral ischemic disorders or CNS disorders, 

Publication number WO 0309 1 249, April 2003. 

4. Ruckle Thomas, Vitte Pierre-Alain and Gotteland Jean-Pierre, Sulfonamides derivatives for the 
treatment of diabetes, 

Publication number WO2005025558, September 2003. 

5. Gaillard Pascale, Vitte Pien-e-Alain and Gotteland Jean-Pierre, Benzothiazoles derivatives for the 
treatment of diabetes, 

6. Publication number WO2005025567, September 2003. 

7. Vitte Pierre-Alain and Rommel Christian, Composition comprising a JNK inhibitor and cyclosporm, 
Publication number WO20050971 16, April 2004. 

8. Vitte Pierre-Alain . Hooft van Huijsduijnen Rob, Jorand Lebrun Catherine, Gerber Patrick and 
Bombrun Agnes^Glepp-1 inhibitors in the treatment of autoimmune and/or inflammatory disorders, 
European Patent Application Number BP 05106547.2, July 2005. 

9. Hantson Jennifer, Vitte Pieire-Alain . Dreano Michel and Bihain Bernard, Use of ACRP30 for the 
treatment and/or prevention of thromboembolism and cancer, 

European Patent Application Number EP 06763789.2 SPEC, 2006. 

1 0. Dreano Michel, Vitte Pierre^Alain Cameron Norman and Cotter Mary, Use of IL-6 in vascular 
complications, 

International Patent Application Number PCT/IL2005/000928, October 2005. 

1 1 . Boschert Ursula, Linda Kadi, Amanda Proudfoot and Vitte Pierre-Alain , Use of SDF-1 for the 
treatment and/or prevention of neurological diseases, 

Publication Number WO 2007/051785, 2007. 
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PUBLICATIONS 



1. Trouillas Jacqueline, Girod Christian, Sassolas Genevieve, Vitte Pierre-Alain. Claustrat Bruno, 
Perrin G, Llieritier M,. Fisher C and Dubois M P, A Human p-endorphin pituitary adenoma. J. Clin. 
Endocrinol. Metab,, 1984, 58, 242-249. 

2. Broussolle Emmanuel, Darriet Daniele. Vitte Pierre-Alain . Lestage Pierre, Debilly Gabriel and 
Bobiliier Pierre, Consommation c6rebrale locale de glucose chez le rat eveille sans contrainte 
d'immobilisation. Circulation et metabolisme du cerveau, 1985, 2, 267-276. 

3. Lestage Pierre, Vitte Pierre-Alain, Rolinat Jean-Pierre, Minot Richard, Broussolle Emmanuel and 
Bobiliier Pierre, A chronic arterial and venous cannulation method for freely-moving rats. J. 
Neurosci. Meth., 1985, 13, 213-222. 

4. Brun Jocelyne, Claustrat Bruno, Harthe Catherine, Vitte Pierre-Alain , Cohen Richard and Chazot 
Guy, Melatonin RIA-Analytical and physiological criteria of validity. In "the pineal gland and its 
endocrine role", G.M. Brown and S. Wainwright editors. Advances in Biological Psychiatry, 1985, 
53,241-246. 

5. Lestage Pierre. Gonon Marianne, Vitte Pierre- A lain. Debilly Gabriel, Bobiliier Pierre and Jouvet 
Michel, Mesure in vivo de I'incorporation de L-methionine-35S dans les proteines cerebrales. C.R. 
Acad. Sci., 1985,301,239-244. 

6. Lepetit Patrick, Lestage Pierre, Gauquelin Guillemette, Vitte Pierre- Alain, Debilly Gabriel, Gharib 
Claude, Jouvet Michel and Bobiliier Pierre, Differential effects of chronic deshydratation on 
protein synthesis in neurons of the rat hypotlialamus. Neurosci. Lett., 1985, 62, 13-18. 

7. Mouren Patrice, Claustrat Bruno, Vitte Pierre-Alain, Brun Jocelyne, Harthe Catherine and David 
Michel, Plasma ACTH and catecholamines, plasma and pineal melatonin levels after acute 
injections of Destyrosyl-Gamma-Endorphin in the rat. Neuroendocrinol, lett., 1986, 8, 283-287. 

8. Lestage Pierre, Gonon Marianne, Lepetit Patrick, Vitte Pierre-Alain , Debilly Gabriel, Rossato 
Christiane, Lecestre Dominique and Bobiliier Pierre, An in vivo kinetic model with L-35S- 
methionine for the determination of local , rales of methionine incorporation in the rat brain protein. 
J. Neurochem., 1987, 48, 352-363. 

9. Vitte Pierre-Alain . Harthe Catherine, Lestage Pierre, Claustrat Bruno and Bobiliier Pierre^ Plasma, 
CSF and brain distribution of 14C-Melatonin in unrestrained rat: a biochemical and 
autoradiographic study. J. Pineal Res., 1988, 5,435-453. 

10. Vitte Pierre-Alain , Brun Jocelyne, Lestage Pierre, Claustrat Bruno and Bobiliier Pierre, The effect 
of melatonin and pinealectomy upon local cerebral glucose utilization in awake unrestrained rats 
are restricted to a few specific regions. Brain Research, 1989, 489, 273-282. 

11. Akaoka Hideo, Vitt e Pierre-Alain , Lestage Pierre, Saunicr Fran9ois, Bobiliier Pierre and Chouvet 
Guy, Apomorphine-lnduced Inhibition of Substantia Nigra Dopamine Neurons : Effects of 
Unilateral Injection through the Internal Carotid Artery. Neuroscience Lett., 1989, 98, 205-210. 

12. Vitte Pierre-Alain, Harthe Catherine, Pevet Paul and Claustrat Bruno: Brain autoradiographic study 
in golden hamster after intracarotid injection of 14C-melatonin. Neuroscience Lettei-s, 1990. 1 10, 
1-5. 

13. Lebars Didier, Thivolle Patrick, Vitte Pierre-Alain , Bojkowski Chris, Chazot Guy, Arendt 
Josephine, Frackowiak Richard SJ and Claustrat Bruno, PET and plasma pharmacokinetic studies 
after bolus intravenous administration of [1 ICj-melatonin in humans. Nucl. Med. Biol., 1991, 18, 
357-362. 

14. Tettamanti R., Bianchi G., Vitte Pierre-Alain, Kato Gabor, Porta R., Thiemermann Christoph, 
Pascador R. and Mantovani M., A novel insight into the mechanism of the antithrombotic action of 
Defibrotide, Life Sciences, 1992, 51, 1545-1555. 

15. Carboni Sonia, Hiver Agnes, Szyndralevviez Cedric, Gaillard Pascale, Gotteland Jean-Pierre and 
Vitte Pieire-Alain, AS60I245: a JNK inhibitor with neuroprotective properties. Journal of 
Pharmacology and Experimental Therapeutics, 2004, 310, 25-32. 
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16. Ferrandi Chiara, Ballerio Rossana, Gaillard Pascale, Carboni Sonia, Vitte Pierre-Alain , Gotteland 
Jean-Pierre and Cirillo Rocco, Inhibition of c-Jun N-terminal Kinase Decreases Cardiomyocyte 
Apoptosis and Infarct Size After Myocardial Ischemia and Reperfiision in Anesthetized Rats, 
British Journal of Pharmacology, 2004, 142, 953-960. 

17. Carboni Sonia, Antonsson Bruno, Gaillard Pascale, Gillon Jean-Yves, Gotteland Jean-Pierre, and 
Vitte Pierre- Alain , Control of death-receptor and mitochondrial-dependent apoptosis by c-Jun 
NH2-terminal kinase in hippocampal CAl neurons following global transient ischemia. Journal of 
Neurochemistry., 2005, 92, 1054-1060. 

18. Gaillard Pascale, Jeanclaude-Etter Isabelle, Ardissone Vittoria, Arkinstall Steve, Cambet Yves, 
Camps Montserrat, Chabert Christian, Church Dennis, Cirillo Rocco, Gretener Denise, Halazy 
Serge, Nichols Antony, Szyndralewiez Cedric, Vitte Pierre-Alain and Gotteland Jean-Pierre, 
Design and Synthesis of the First Generation of Novel Potent, Selective and In Vivo Active 
(Benzothiazol-2-yl) acetonitrlle Inhibitors of the c-Jun-N-Terminal Kinase, Journal of Medicinal 
Chemistry, 2005, 48, 4596-4607. 

19. Camps Montserrat, Ruckle Thomas, Ardissone Vittoria, Francon Bernard, Gillieron Corine, 
Chabert Christian, Ferrandi Chiara, Gretener Denise, Leroy Didier, Vitte Pierre-Alain. Cirillo 
Rocco, Shaw Jefferson, Schwarz Matthias K. and Rommel Christian, A small molecule inhibitor of 
PI3Kgamma suppresses joint inflammation and damage in a murine model of rheumatoid arthritis, 
Nature Medicine, 2005,1 1, 936-43. 

20. Hetz Claudio, Vitte Pierre-Alain, Bombrun Agnes, Rostovtseva Tatiana K., Montessuit Sylvie, 
Hiver Agnes, Church Dennis, Martinou Jean-Claude and Antonsson Bruno, A Bax channel 
inhibitor reduces cytochrome c release from mitochondria and protects in a model of global brain 
ischemia in gerbil. Journal of Biological Chemistry, 2005; 280, 42960-42970. 

21. Andriambeloson Emile, Baillet-Mignard Caroline, Vitte Pierre-Alain , Garotta Gianni, Dreano 
Michel and Callizot Noelle, lnterleukin-6 prevents the development of experimental diabetes- 
related neuropathy. Neuropathology, 2006, 26, 32-42. 

22. Pomel Vincent, Klicic Jasna, Covini David, Church Dennis D., Shaw Jeffrey P., Roulin Karen, 
Burgat-Charvillon Fabienne, Valognes Delphine, Camps Montserrat, Chabert Christian, Gillieron 
Corinne, Francon Bernard, Perrin Dominique, Leroy Didier, Gretener Denise, Nichols Anthony, 
Vitte Pierre Alain, Carboni Susanna, Rommel Christian, Schwarz Matthias K., and Ruckle Thomas, 
Furan-2-y I methylene thiazolidinediones as Novel, Potent and Selective Inhibitors of 
Phosphoinositide 3-kinase gamma, Journal of Medicinal Chemistiy, 2006, 49, 3857-3871. 

23. McKenna Sean D., Fegcr Georg, Kelton Christie, Yang Meijia, Ardissone Vittoria, Cirillo Rocco, 
Vitte Pierre-Alain , Jiang Xuliang, and Campbell Robert, TNF-SHARC: Soluble High AfHnity 
Receptor Complex as a TNF antagonist, Journal of Pharmacology and Experimental Therapeutics 
2007, 322, 822-828. 

24. Dati Gabriele; Quattrini Anna; Bernasconi Lilia, Malaguti M.C.; Antonsson Bruno, Nicoletti 
Ferdinando; Alliod Chantal, Di Marco Roberto; Sagot Yves; Vitte Pierre-Alain; Hiver Agnes; 
Greco Beatrice, Roach Arthur and Zaratin Paola, Journal of Neuroimmunology 2007, Beneficial 
effects of r-h-CLU on disease severity in a model of Guillan Barre syndrome, J Neuroimmunol. 
2007, 190, 8-17. 

25. Carboni Sonia, Boschert Ursula, Gaillard Pascale, Gillon Jean-Yves, Gotteland Jean-Pierre, and 
Vitte Pierre-Alain , AS601245, A c-jun N-terminal kinase reduces axonal damage and cognitive 
deficits after global cerebral ischemia in gerbils, British Journal of Pharmacology 2008, 153, 157- 
163. 

26. Callizot Noelle, Andriambeloson Emile, Glass Jonathan, Revel Michel, Ferro Pamela, Cirillo 
Rocco, Vitte Pierre-Alain and Dreano Michel, lnterleukin-6 protects of paclitaxel, cisplatin and 
vincristine-induced neuropathies without impairing chemotherapeutic activity. Cancer 
Chemotherapy and Pharmacology 2008 Feb (in press). 

27. Ogier Virginie, Jacquenet Sandrine, Vitte Pierre Alain , Brulliard Marie, Roitel Olivier, Thouvenot 
Benoit, Notet Veronique, Magueur Ervvan, Graber Pierre, Chevalet Laurent, Toussaint-Hacquard 
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Marie, Lecompte Thomas, Dreano Michel, Yen Potin Frances, Bihain Bernard, Human 
recombinant globular adiponectin mimicking adiponectin 15 kDa cleavage product present in 
nomial human plasma reveals anti-haemostatic effect. Submitted to Faseb Journal. 

28. Carboni Sonia, Gaillard Pascale, Gotteland Jean-Pierre, Gillon Jean-Yves and Vjtte Pierre-Alain 
Protection from lethal hepatic apoptosis induced by anti-fas antibody in mice by inhibition of c-jun 
N-terminal kinase, hi preparation 

29. Bombrun Agnes, Gerber Patrick, Swinnen Dominique, Gonzalez Jerome, Hooft Rob, Pescini 
Roseanna, Perrin Dominique, Jomotte Therese, Cambet Yves, Vitte Pierre-Alain , Hiver Agnes, 
lodo -(lsatin-3-Hydrazide) and -(4-AikylidenePyrrazolidinedione) Derivatives as potent PTPIB 
inhibitors, Journal of Medicinal Chemistry (in preparation). 
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REPORTS (Industrial Research) 

1. THE EFFECTS OF YM-9151-2 ON LOCAL CEREBRAL GLUCOSE UTILIZATION IN 
AWAKE UNRESTRAINED RATS, for Yamanouchi Pharmaceutical Co. Ltd., M. Guerrier, P.A. 
Vitte and G. Kato, October 1988. 

2. 5-HT3 RECEPTOR BINDING STUDY WITH THREE SUBSTANCES (Z 4 1 74, Z 4274, Z 4363) 
for Zambon Group, T. Fiiloux, P.A Vitte and G. Kato, October 1988. 

3. DEVELOPMENT OF A BIOASSAY FOR THYMOPENTIN, RECEPTOGRAM SCREEN, for 
Cilag AG, T. Filloiix, D. Larue and P.A. Vitte, November 1988. 

4. ETUDE DES EFFETS DE 6 PRODUITS LIPHA SUR LE RECEPTEUR 5-HT2, pour LIPHA, D. 
Larue, P.A. Vitte et G. Kato, Novembre 1988. 

5. EFFECT OF JO 5093 ON THE ACTIVITY OF MONOAMINE OXIDASE TYPE A AND TYPE 
B IN RAT BRAIN: IN VITRO AND EX VIVO STUDIES, for Jouveinal Laboratoires, D. Larue, 
M. GueiTierand P.A. Vitte, December 1988. 

6. EFFECT OF FIPBXIDE ON THE ACTIVITY OF MONOAMINE OXIDASE TYPE A AND 
TYPE B IN RAT BRAIN: IN VITRO AND EX VIVO STUDIES, for Jouveinal Laboratoires, D. 
Larue, M. Guerrier and P.A. Vitte, December 1988. 

7. RECEPTOR BINDING STUDY WITH WG 7 1 , for Madaus GmbH & Co, D. Larue and P.A. Vitte, 
December 1988. 

8. STUDY OF THE EFFECTS OF 5 PLANT EXTRACTS ON 5-HTlC AND HISTAMINE- 1 
RECEPTORS (KHC 22/88, KHC 23/88, KHC 25/88, KHC 26/88 and KHC 27/88), for Schapper 
and Brummer, D. Larue, P.A. Vitte and G. Kato, December 1988. 

9. PIRIBEDIL ET 584 : LIAISON IN VIVO AUX RECEPTEURS DI ET D2, pour I.R.I.S., M. 
Guenier, T. Filloux, P.A. Vitte et G. Kato. Janvier 1989. 

10. ETUDE DES EFFETS DE 3 SUBSTANCES SERVIER (DL 103, DL 104, NAt) SUR LES 
RECEPTEURS BRADYKININE ET SUBSTANCE P, pour I.R.I.S., D. Larue, P.A. Vitte et G. 
Kato, Janvier 1989. 

11. EFFECT OF JO 1784 ON GLYCINE RECEPTORS (STRYCHNINE -SENSITIVE AND - 
INSENSITIVE), for Jouveinal Uboratoires, D. Larue and P.A. Vitte, January 1989. 

12. JO 5028: Part I: EFFECT OF JO 5028 ON GLYCINE RECEPTOR BINDING (STRYCHNINE - 
SENSITIVE AND -INSENSITIVE), for Jouveinal Laboratoires, D. Larue and P.A. Vitte, January 
1989. 

13. JO 5028: Part II: EFFECT OF JO 5028 ON THE ACTIVITY OF MONOAMINE OXIDASE 
TYPE A AND TYPE B IN RAT BRAIN : IN VITRO AND EX VIVO STUDIES, for Jouveinal 

-Laboratoires, D. Larue and P.A. Vitte, January 1989. 

14. JO 5028: Part III: EFFECT OF JO 5028 ON THE ACTIVITY OF GABA TRANSAMINASE, IN 
VITRO, for Jouveinal Laboratoires, D. Larue and P.A. Vitte, January 1989. 

15. EFFETS D'UNE DROGUE SERVIER SUR UN MODELE D'l-SCHEMIE CEREBRALE CHEZ 
LA GERBILLE, pour l.R.l.S., M. Guerrier et P.A. Vitte, Juin 1989. 

16 FENSPIRIDE : ETUDE DE SON MECANISME D'ACTION, Partie 1 : FENSPIRIDE, 
ANTAGONISTS DU RECEPTEUR HISTAMINE-!; ETUDE DU SECOND MESSAGER 
(PHOSPHOINOSITOL), pour I.R.I.S., D. Larue, M. Guerrier et P.A. Vitte, Juillet 1989. 

17. FENSPIRIDE : ETUDE DE SON MECANISME D'ACTION, Partie II : FENSPIRIDE, 
ANTAGONIS'I E DU RECEPTEUR HISTAMlNE-2; ETUDE DE L'EFFET PROTECTEUR DE 

L'UL>CERE DUODENAL INDUIT CHEZ LA SOURIS, pour I.R.I.S., D. Urue, M. Guenier et 
P.A. Vitte, Juillet 1989. 

18. ETUDE NEUROCHIMIQUE ET NEUROPHARMACOLOGIQUE DE LA MEDIFOXAMINE, 
Partie 1: ETUDE, IN VITRO, DE LA LIAISON DE LA MEDIFOXAMINE AUX RECEPTEURS 
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5-HTl A, 5-HTlB, 5-HTlC, 5-HTlD et S-HT3, pour Uboratoires Anphar Rolland, M. Guerrier, T. 
FilloLix et P.A. Vitte, Aout 1989. 
19. ETUDE NEUROCHIMIQUE ET NEUROPHARMACOLOGIQUE DE LA MEDIFOX AMINE, 
Partie 11; ETUDE, IN VIVO, DE LA LIAISON DE LA MEDIFOXAMINE AUX RECEPTEURS 
5-HT2, pour Laboratoires Anphar Rolland, M. Guerrier, T. l-illoux et P.A. Vitte, Aout 1989. 

20 ETUDE NEUROCHIMIQUE ET NEUROPHARMACOLOGIQUE DE LA MEDIFOXAMINE, 
Partie MI: ETUDE, IN VITRO, DE LA LIAISON DE LA MEDIFOXAMINE AUX 
RECEPTEURS 5-HT2 PAR RADIOAUTOGRAPHIE QUANTITATIVE, pour Laboratoires 
Anphar Rolland, M. Guerrier, T. Filloux et P.A. Vitte, Aout 1989. 

21 ETUDE NEUROCHIMIQUE ET NEUROPHARMACOLOGIQUE DE LA MEDIFOXAMINE, 
Partie IV : ETUDE, EX VIVO, DES EFFETS D'UN TRAITEMENT SUB-CHRONIQUE DE LA 
MEDIFOXAMINE SUR LE RECAPTAGE DE LA 3H-S-HT DANS LE CERVEAU DE RAT, 
pour Laboratoires Anphar Rolland, M. Guerrier, T. Filloux et P.A. Vitte, Aout 1989. 

22. ETUDE NEUROCHIMIQUE ET NEUROPHARMACOLOGIQUE DE LA MEDIFOXAMINE: 
ETUDE, IN VIVO, DES EFFETS DE LA MEDIFOXAMINE SUR LA LIBERATION DE LA 5- 
HT, DE LA DOPAMINE ET DE LEURS METABOLITES PAR MICRODIALYSE CHEZ LE 
RAT LIBRE DE SE MOUVOIR, pour Laboratoires Anphar Rolland, T. Filloux, M. Guerrier, P.F. 
Curie et P.A. Vitte, Aout 1989. 

23 LIAISON DU 3H-SPIPER0NE EX VIVO: ETUDE DE L'ACCUMULATION DU 3H- 
SPIPERONE INDUITE PAR LE PIRIBEDIL, Partie I: REGULATION DU RECEPTEUR D2, 
pour I.R.I.S., M. Guerrier et P.A. Vitte, Noveinbre 1989. 

24. LIAISON DU 3H-SPIPER0NE EX VIVO: ETUDE DE L'ACCUMULATION DU 3H- 
SPIPERONE INDUITE PAR LE PIRIBEDIL, Partie II: DEBIT SANGUIN CEREBRAL LOCAL, 
pour I.R.I.S., M. Guerrier et P.A. Vitte. Novembre 1989. 

25. LIAISON DU 3H-SPIPERONE EX VIVO: ETUDE DE L'ACCUMULATION DU 3H- 
SPIPERONE INDUITE PAR LE PIRIBEDIL, Partie III: ETUDE. EX VIVO, DE LA FIXATION 
DU 3H-SPIPERONE PAR RADIOAUTOGRAPHIE QUANTITATIVE, pour I.R.I.S., M. Guerrier 
et P.A. Vitte, Novembre 1989. 

26. ETUDE DES EFFETS DU LM 94 SUR LES RECEPTEURS 5-HT UPTAKE ET VIP, pour 
LIPHA, T. Filloux et P.A. Vitte, Novembre 1989. 

27. THE EFFECTS OF ZB - 1 ON BRAIN ISCHEMIA IN GERBILS, for Zeria Pharm.Co. Ltd., M. 
Guerrier et P.A. Vitte, November 1989. 

28 INTERACTION OF EXTRACTS OF VALERIANA AND HYPERICUM WITH THE GABAA / 
BENZODIAZEPINE RECEPTOR / CI- lONOPHORE IN MICE IN VIVO, Part I: EFFECT OF 
VALERIANA AND HYPERICUM ON BENZODIAZEPINE RECEPTOR BINDING IN VIVO, 
for Steiner Araieimittel, D. Urue, M. Guerrier, T. Filloux and P.A. Vitte, November 1989. 

29. INTERACTION OF EXTRACTS OF VALERIANA AND HYPERICUM WITH THE GABAA / 
BENZODIAZEPINE RFXEPTOR / CI- lONOPHORE IN MICE IN VIVO, Part II: EFFECT OF 
VALERIANA AND HYPERICUM ON THE STEADY STATE LEVELS OF 3H-GABA 
BRAIN/PLASMA RATIO AFTER I.P. ADMINISTRATION OF 3H-GABA TO MICE, for 
Steiner Arzneimiilel, D. Larue, M. Guerrier, T. Filloux and P.A. Vitte, November 1989. 

30. ETUDE, IN VITRO, DES EFFETS DE LA MEDIFOXAMINE SUR LA PHOSPHOLIPASE C, 
pour Uboratoires Anphar-Rolland, D. Larue, M. Guerrier, T. Laforge et P.A. Vitte, Decembre 
1989. 

31. INTERLEUKIN-2 AND GM-CSF INDIRECT ELISA, for Glaxo 1MB, T. Filloux, M. Gueirier, 
and P.A. Vitte, December 1989. 

32. THE EFFECrS OF JO 1784 ON BRAIN ISCHEMIA IN GERBILS, for Jouveinal Laboratoires, 
M. Guerrier et P.A. Vitte, December 1989. 

33. THE EFFECTS OF F-721 ON BRAIN ISCHEMIA IN GERBILS, Phase I, for Norwich Eaton 
Pharmaceuticals INC., T. Filloux and P.A. Vitte, January 1990. 
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34. THE EFFECTS OF F-721 ON BRAIN ISCHEMIA IN GERBILS, Phase 2, for Norwich Eaton 
Pharmaceuticals, INC., T. Filloux and P.A. Vitte, March 1990. 

35. ETUDE DES EFFETS NOOTROPES DU LDS-008 ET DU LDS-009, pour SERPA M. Garcia, 
P.F. Curie et P. A. Vitte, Mars 1990. 

36. PENETRATION OF 3H-VINP0CET1NE THROUGH THE BLOOD BRAIN BARRIER AND 
AUTORADIOGRAPHIC LOCALIZATION, for Thiemann Arzneimittel GmbH, M. Guerrier and 
P.A. Vitte. March 1990. 

37. RECEPTOR AND SECOND MESSENGER SYSTEMS IN PERIPHERAL ORGANS IN 
EXPERIMENTAL DIABETIC NEUROPATHY: EFFECT OD DTR 100, for Depha Team, T. 
Filloux and P.A. Vitte, March, 1990, 

38. ETUDE RADIOAUTOGRAPHIQUE DE LA DISTRIBUTION TISSULAIRE DU [14C]-R.7621, 
pour Laboratoires Debat, D. Larue et P.A. Vitte, Avril 1990. 

39. SCREENING ETUDE DE 3 GROUPES DE PRODUITS pour I.RJ.S., N. Giessinger, T. Filloux, 
A. Broillet, P.F. Curie, X. Fouillet et P.A. Vitte, Juin 1990. 

40. EFFECTS OF EXTRACTS OF VALERIANA AND HYPERICUM, PART I: ON GABA- 
TRANSAMINASE ACTIVITY IN VITRO, for Steiner Arzneimittel, D. Larue and P.A. Vitte, June 
1990. 

41. EFFECTS OF EXTRACTS OF VALERIANA AND HYPERICUM, PART II: ON 
BENZODIAZEPINE RECEPTOR BINDING ACTIVITY IN VITRO, for Steiner Arzneimittel, D. 
Larue and P.A. Vitte, June 1990.RECEPTOGRAM SCREEN S 9977-2 AND S 14287-1, for 
I.R.I.S.. T. Filloux and P.A. Vitte, August 1990. 

42. NEUROCHEMICAL STUDIES ON ACETYL-L-CARNITTNE, Part I: DETERMINATION OF 
AGONIST/ANTAGONlST/fNVERSE AGONIST PROPERTIES IN VITRO, for Sigma - Tau 
Industrie Farmaceutiche Riunite, V. Fraimbault and P.A.' Vitte, August, 1990. 

43. NEUROCHEMICAL STUDIES ON ACETYL-L-CARNITINE, Part II: CI- FLUX 
EXPERIMENTS, for Sigma - Tau Industrie Fannaceutiche Riunite, V. Fraimbault and P.A. Vitte, 
August, 1990. 

44. STUDIES OF THE EFFECTS OF S 9977-2 AND S 14287-1 ON ACETYLCHOLINESTERASE 
ACTIVITY IN RAT BRAIN, for I.R.I.S., D. Larue, M. Guerrier et P.A. Vitte, August 1990. 

45. EFFECTS OF FIVE COMPOUNDS IN FOUR RECEPTOR BINDING ASSAYS, for Jouveinal 
Laboratoires, T. Filloux and P.A. Vitte, September 1990. 

46 DEVELOPPEMENT D'UN DOSAGE RADIOIMMUNOLOGIQUE DE 
L'ACETYLHOMOTAURINE, PRODUCTION D'UN CONJUGUE IMMUNOGENE, pour 
LIPHA, M. Guerrier and P.A. Vitte, Septembre 1990. 

47. EFFETS DU RU 23 908 SUR LA CONSOMMATION ALIMENTAIRE DU RAT MALE, pour 
Roussel-Uclaf, C. Ventrone, T. Filloux et P.A. Vitte, Novembre 1990. 

48. BRAIN ISCHEMIA IN MONGOLIAN GERBILS: THE EFFECTS OF 8 DRUGS (ZBT-5, ZBT-6, 
ZBT-7, ZBT-8, ZBT-9, ZBT-10, ZBT-l I, ZBT-12), for Zeria Pharm.Co. Ltd., V. Fi*aimbault and 
P.A. Vitte, November 1990. 

49. RECEPTOGRAM SCREEN, for Glaxo Group Research Ltd., P.-A. Vitte, S. Rahali and T. Filloux, 
November 1990. 

50. NEUROPHARMACOLOGICAL STUDIES OF 2 DRUGS, Phase I: BRAIN ISCHEMIA IN 
MONGOLIAN GERBILS AND PASSIVE AVOIDANCE TEST, for Duphar B. V., T. Filloux and 
P.A. Vitte, November 1 990. 

51. NEUROPHARMACOLOGICAL STUDIES OF 2 DRUGS, Phase II: HYPOXIA IN 
MONGOLIAN GERBILS AND PASSIVE AVOIDANCE TEST, for Duphar B. V., T. Filloux and 
P.A. Vitte, November 1990. 

52. INTERLEUKlN-2 AND GM-CSF ASSAYS IN HUMAN SERA, PHASE I: VALIDATION OF 

ASSAY, for Glaxo 1MB, D. Larue, and P.A. Vitte, December 1990. 
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53. lNTERLEUKIN-2 AND GM-CSF INDIRECT ELISA. PHASE U: APPLICATION TO 
CLINICAL TRIALS, for Glaxo 1MB. D. Larue, and P.A. Vitte, December 1990. 

54. INTERLEUKIN-2 AND GM-CSF ASSAYS IN HUMAN SERA, PHASE II: APPLICATION TO 
CLINICAL TRIALS, for Glaxo 1MB, D. Larue, and P.A. Vitte, December 1990. 

55. CYCLANDELATE RECEPTOGRAM SCREEN, for 3M Medica, V. Fraimbault, F.Delean and 
P.A. Vitte, February 1991. 

56 ETUDE BIOCHIMIQUE IN VITRO DU S-9977-2, EFFECT D'UN TRAITEMENT 
SUBCHRONIQUE PAR LE S-9977-2 SUR LA DENSITE ET L'AFFINITE DES RECEPTEURS 
MUSCARINIQUES Ml ET M2 ET NICOTINIQUES DANS LE CERVEAU DE RAT, pour 
I.R.I.S., T. Filioux et P.A. Vitte, Mars 1991. 

57 NEUROPHARMACOLOGICAL STUDIES WITH 2 MADAUS COMPOUNDS, Part II : 
EFFECT OF Fh-27 HCI ON LOCAL CEREBRAL BLOOD FLOW: DETERMINATION USING 
THE [14C1-10D0ANTIPYR1NE METHOD, for Madaus A.G., T. Filloux and P.A. Vitte, March 
1991. 

58 ETUDE BIOCHIMIQUE IN VITRO DU S-9977-2, EFFETS DU S-9977-2 SUR LES SECONDS 
MESSAOERS COUPLES AUX RECEPTEURS MUSCARINIQUES Ml ET M2, pour I.R.I.S., T. 
Filloux et P.A, Vitte, Avril 1991. 

59. RECEPTOGRAM DU S-12361, pour I.R.I.S., V. Fraimbault , F. Delean et P.A. Vitte, Avril 1991. 

60. STUDY OF THE EFFECTS OF 6 DRUGS OF JOUVEINAL LABORATORIES ON 3 
RECEPTORS, for Jouveinal Laboratoires, V. Fraimbault and P.A. Vitte, Avril 1991. 

61. STUDY OF THE EFFECTS OF PER OS ADMINISTRATION OF S-20499 ON BLOOD 
PRESSURE IN AWAKE RATS, for I.R.I.S. et Compagnie - Developpement, P:A. Vitte, May 
1991. 

62. STUDY OF THE EFFECTS OF PER OS ADMINISTRATION OF S-20500 ON BLOOD 
PRESSURE IN AWAKE RATS, for I.R.I.S. et Compagnie - Developpement, P.A. Vitte, May 

1991. 

63. STUDY OF THE EFFECTS OF S.C. ADMINISTERED S-20500 AND S-20499 ON BLOOD 
PRESSURE IN AWAKE RATS, for I.R.I.S. et Compagnie - Developpement, P.A. Vitte, May 
1991. 

64. RECEPTOGRAM, pour I.R.I.S. et Compagnie - Developpement, F. Delean, V. Fraimbault et P.A. 
Vitte, Jiiin 1991. 

65. ETUDE PHARMACOLOGIQUE DU TX-I94, Partie I : DETERMINATION DE LA DL50 CHEZ 

LA SOURIS PAR VOIE ORALE, pour Laboratoires Theramex, C. Delaporte, V. Fraimbault et 
P.A. Vitte, Juin 1991. 

66 ETUDE PHARMACOLOGIQUE DU TX-194, Partie II : EFFETS DE L'ADMlNiSTRATION 
PER OS DU TX-i94 ET DE LA CETIRIZINE SUR LE BRONCHOSPASME INDUIT PAR 
L'HIS TAMINE CHEZ LE COBAYE, pour Laboratoires Theramex, C. Delaporte, V. Fraimbault et 
P.A. Vitte, Juin 1991. 

67. ETUDE PHARMACOLOGIQUE DU TX-194, Partie 111 : RECEPTOGRAM, pour Uboratoires 

Theramex, C. Delaporte, V. Fraimbault et P.A. Vitte, Juin 1991. 
68 ETUDE DES EFFETS DE DEUX PRODUITS SUR LA TYROSINE-HYDROXYLASE, LA 

PHENYLETHANOLAMINE-N-METHYLTRANSFERASE. LA DOPAMINE-§- 

HYDROXYLASE ET LA CATECHOL-O-ME THYLTRANSFERASE DANS LE CERVEAU DE 

RAT, pour Sodepharm, S. Bouteiile et P.A. Vitte, Juin 1991. 

69. ETUDE DE 9 PRODUITS ET ADDENDA l-ll, pour I.R.I.S. et Compagnie - Developpement, C. 
Delaporte, T. Filloux et P.A. Vitte, Juin 1991. 

70. ETUDE DES EFFETS DU PIRIBEDIL DANS UN MODELE DE LA MALADIE 
D'ALZHEIMER (LESION DU NBM), pour I.R.I.S., A. Prevot et P.A. Vitte, Aout 1991 . 
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71. RECEPTOGRAM™ DU S-14280-1, pour l.R.I.S. et Compagiiie - Developpement, F. Delean, S. 
Bouteille et P.A. Vitte, AoCit 1991. 

72. SCREENING ETUDE DE 9 PRODUITS, ADDENDA IIMV, pour l.R.I.S. et Compagnie - 

Developpement, S. Bouteille, T. Filloux et P.A. Vitte, Aout 1991. 

73. ETUDE DES EFFETS DE DIFFERENTES DROGUES SUR UN MODELE D'HYPOXIE 
NORMOBARE CHEZ LA SOURIS. pour l.R.I.S. et Compagnie - Developpement, A. Prevot et 
P.A. Vitte, Aout 1991. 

74. RECEPTOGRAM, DETERMINATION DES IC50 PRECISES (Serie M. Devissaguet), pour 
l.R.I.S. et Compagnie - Developpement, S. Bouteille et P.A. Vitte, Septembre 1991 . 

75. RECEPTOGRAM, DETERMINATION DES iC50 PRECISES (Serie B. Guarciiola),pour LR.I.S. 
et Compagnie - Developpement, S. Bouteille et P.A. Vitte, Septembre 1991. 

76. EFFECTS OF ZB-P-1 ON PROTEIN SYNTHESIS IN VITRO, for Zeria, S. Bouteille and P.A. 
Vitte, November 1991. 

77. ETUDE DES EFFETS DE SEPT PRODUITS SUR L'ACTIVITE LOCOMOTRICE ET LES 
CAPACITES MNESIQUES DE LA GERBILLE, Partie I: ETUDE DES EFFETS DE SEPT 
PRODUITS SUR UACTIVITE LOCOMOTRICE DE LA GERBILLE, pour l.R.I.S. et Compagnie 
- Developpement, C. Delaporte, T, Filloux et P.A. Vitte, Novembre 1991. 

78. ETUDE DES EFFETS DE SEPT PRODUITS SUR L'ACTIVITE LOCOMOTRICE ET LES 
CAPACITES MNESIQUES DE LA GERBILLE, Partie II: ETUDE CHEZ LA GERBILLE DES 
EFFETS DE SEPT PRODUITS SUR L'AMNESIE INDUITE PAR SCOPOLAMINE, pour l.R.I.S. 
et Compagnie - Developpement, C. Delaporte, T. Filloux et P.A. Vitte, Novembre 1991. 

79. RECEPTOGRAM™, DETERMINATION DES IC50 DE LA LIAISON DU S- 14280- 1 AUX 
RECEPTEURS ADRENERGIQUES alA ET alB ET 5-HT2, pour l.R.LS. et Compagnie - 
Developpement, S. Bouteille et P.A. Vitte, Novembre 1991. 

80. ETUDE DES EFFETS DE DIFFERENTES DROGUES SUR UN MODELE DHYPOXIE 
NORMOBARE CHEZ LA SOURIS, ADDENDA IIl-IV, pour I.R.I.S. et Compagnie - 

Developpement, A. Prevot et P.A. Vitte, Septembre 1991. 
8L ETUDE DE 9 PRODUITS, ADDENDA V-VI, pour l.R.I.S. et Compagnie - Developpement, S. 
Bouteille, T. Filloux et P.A. Vitte, Novembre 1991. SCREENING ETUDE DE 9 PRODUITS, 
ADDENDA Vll-Vlll, pour l.R.I.S. et Compagnie - Developpement, S. Bouteille, T. Filloux et P.A. 
Vitte, Novembre 1991. 

82. EFFECTS OF ZB-P-i ON PROTEIN SYNTHESIS IN VITRO, for Zeria, S. Bouteille and P.A. 
Vitte, January 1992. 

83. NEUROPHARMACOLOGICAL STUDIES OF DUPHAR COMPOUND D, FOCAL ISCHEMIA 
BY MCA OCCLUSION IN MICE AND HIS TOLOGY, for Dupliar B. V,, V. Fraimbault and P.A. 
Vitte, January 1992, 

84. NEUROPHARMACOLOGICAL STUDIES OF DUPHAR COMPOUND S, Part I: HYPOXIA IN 
MONGOLIAN GERBILS AND PASSIVE AVOIDANCE TEST, or Duphar B. V., V. Fraimbault 
and P.A. Vitte, January 1992. 

85. NEUROPHARMACOLOGICAL STUDIES OF DUPHAR COMPOUND S, Part II: FOCAL 
ISCHEMIA BY MCA OCCLUSION IN MICE AND HISTOLOGY, for Duphar B. V., V. 
Fraimbault and P.A. Vitte, January 1992. 

86. ETUDE EX VIVO DE LA LIAISON DU PRAZEPAM, DU BROMAZEPAM ET DE 
L'ALPRAZOLAM AUX RECEPTEURS DES BENZODIAZEPINES, pour Parke - Davis, S. 
Bouteille et P.A. Vitte, Janvier 1992. 

87. ETUDE DES EFFETS DE SEIZE PRODUITS UCB SUR LES RECEPTEURS HISTAMINE HI 
PULMON AIRES, pour UCB, A. Prevot et P.A. Vitte, Janvier 1992. 
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88. AMNESIE A LA SCOPOLAMINE ET EVITEMENT PASSIF, ETUDE DE DEUX PRODUITS 
(RPT 109 et RPT 110) DES LABORATOIRES DELAGRANGE, pour Laboratoires Delagrange, 
A, Prevot et P. A. Vitte, Janvier 1992. 

89. RECEPTOGRAM:'*'^, pour Laboratoires Delagrange, C. Delaporte, V. Fraimbault and P.A. Vitte, 
Janvier 1992. 

90. STUDY OF THE EFFEC1 S OF (.P. ADMINISTERED S-20098 ON BLOOD PRESSURE IN 
PENTOBARBITAL ANESTHETIZED RATS, for I.R.I.S. et Compagnie - Developpement, T. 
Filloux and P.A. Vitte, January 1992. 

91. ETUDE DES EFFETS DU PIRIBEDIL DANS UN MODELE DE LA MALADIE 
D'ALZHEIMER (AF64A), pour IRIS, A. Prevot et P.A. Vitte, Janvier 1992. 

92. ETUDE DES EFFETS DE DIFFERENTES DROGUES SUR UN MODELE D'HYPOXIE 

NORMOBARE CHEZ LA SOURIS, ADDENDA V-VI, pour I.R.I.S, et Compagnie - 
Developpement, A. Prevot et P.A. Vitte, Janvier 1992. 

93. ETUDE DES EFFETS DE DIFFERENTES DROGUES SUR UN MODELE D'HYPOXIE 
NORMOBARE CHEZ LA SOURIS, ADDENDA VU-VIII, pour I.R.I.S. et Compagnie - 
Developpement, A. Prevot et P.A. Vitte, Janvier 1992. 

94. STUDY OF THE TISSUE DISTRIBUTION OF [14C-4]-CLOPIDOGREL, QUALITATIVE 
STUDY, for Sanofi Recherche, by S, Bouteille and P.A, Vitte, February 1992, 

95. STUDY OF THE TISSUE DISTRIBUTION OF [14C-4J-CLOPIDOGREL, QUANTITATIVE 
STUDY, for Sanofi Recherche, S. Bouteille and P.A, Vitte, Febmary 1992, 

96. GABA ANALYSIS BY HPLC OF VALERIANA, VCBF 6 & VCEF 6/1, for Steiner Arzneimittel, 
P,A. Vitte, February 1992. 

97. ETUDE DES EFFETS D'UNE DROGUE SUR UN MODELE D'HYPOXIE NORMOBARE 
CHEZ LA SOURIS, ADDENDA IX, pour I.R.I.S. et Compagnie - Developpement, S. Bouteille et 
P.A. Vitte, Mars 1992. 

98. ETUDE DES EFFETS D'UNE DROGUE SUR UN MODELE D'HYPOXIE NORMOBARE 
CHEZ LA SOURIS, ADDENDA X, pour I.R.I.S. et Compagnie - Developpement, A. Prevot et 
P.A. Vitte, Mars 1992. 

99. RECEPTOGRAM™ (4 produits), pour I.R.I.S., S. Bouteille, F. Delaporte, V. Fraimbault et P.A. 

Vitte, Mars 1992. 

100. HYPOXIE NORMOBARE CHEZ LA SOURIS, ETUDE D'UN PRODUIT JOUVEINAL, pour 
Institut de Recherche Jouveinal, A. Prevot et P.A. Vitte, Mars 1992. 

101. HYPOXIE NORMOBARE CHEZ LA SOURIS, ETUDE D'UN PRODUIT JOUVEINAL, 
ADDENDA I, Institut de Recherche Jouveinal, A. Prevot et P.A. Vitte, Avril 1992. 

102. MUSCARINIC EFFECTS OF S-9977-2, Pail I: INTERACTION OF S-9977-2 WITH 
MUSCARINIC RECEPTORS IN VIVO, for I.R.I.S., A, Prevot and P.A. Vilte, April 1992. 

103. MUSCARINIC EFFECTS OF S-9977-2, Part II: IN VITRO AND IN VIVO EFFE^CTS OF S- 
9977-2 ON THE BINDING OF [3H]-QNB TO SERUM PROTEINS for I.R.I.S,, A. Prevot and 
P.A. Vitte, April 1992. 

104. MUSCARINIC EFFECTS OF S-9977-2, Part III: EFFETS OF AN ACUTE TREATMENT OF S- 
9977-2 ON MUSCARINIC RECEPTORS IN BRAIN RAT, for I.R.I.S., A. Prevot and P.A. Vilte, 
Avril 1992. 

105. ETUDE DES EFFETS D'UNE DROGUE SUR UN MODELE D'HYPOXIE NORMOBARE 
CHEZ LA SOURIS, ADDENDA XI, pour I.R.I.S. et Compagnie - Developpement, A. Prevot et 
P.A. Vitte, Avril 1992. 

106. HYPOXIE NORMOBARE CHEZ LA SOURIS, Addenda XII : Etude de 5 produits, pour I.R.I.S. 
et Compagnie - Developpement, V. Fraimbault et P.A. Vitte, Juin 1992. 

107. HYPOXIE NORMOBARE CHEZ LA SOURIS, Addenda Xili : Etude de 6 produits, pour I.R.I.S. 
et Compagnie - Developpement, V. Fraimbault et P.A. Vitte, Juin 1992. 
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108. ETUDE DE LA LIAISON DU TX194 ET DE LA TERFENADINE A 4 RECEPTEURS, pour 
Theramex, B. Franfon et P.A. Vitte, Juin 1992. 

109. ETUDE DES PROPRIETES CHOLINERGIQUES DU PIRIBEDIL, poiir LR.I.S., T. Filloux et 
PA. Vitte, Octobre 1992. 

1 10. RECEPTOGRAM^^^ S-20499 {Volumes I & 2), for LR.LS., V. Fraiinbault, B. Fran9on and P.A. 
Vitte, September 1992. 

111. RECEPTOGRAM™ S-20098 (Volumes 1 & 2), for I.R.LS,, V. Fraimbault, B. Fran9on and P.A. 
Vitte, September] 992. 

1 12. RECEPTOGRAM™ S-14506 (Volumes I & 2), for I.R.I.S., V. Fraimbault, B. Fran9on and P.A. 

Vitte, September 1992. 

113. RECEPTOGRAM™ BRACCO 1992, for Bracco S.p.A., F. Delean, T. Filloux and P.A. Vitte, 
September 1992. 

114. RECEPTOR BINDING PROFILE OF CHELIDONIUM AND EXTRACTS, for Steiner 
Arzneimittel, S. Bardonnet, V. Fraimbault and P.A. Vitte, September 1992. 

115. ETUDE DES EFFETS NEUROPROTECTEURS DU SR 57746A, Partie I : Hypoxie normobare 
Chez la souris, pour Sanofl Recherche, T. Filloux and P.A. Vitte, Decembre 1992. 

1 16. ETUDE DES EFFETS NEUROPROTECTEURS DU SR 57746A, Partie II : Hypoxie normobare 
et evitement passif chez la gerbille, pour Sanofi Recherche, T. Filloux and P.A. Vitte, Decembre 
1992. 

117. ETUDE DES EFFETS NEUROPROTECTEURS DU SR 57746A, Partie HI : Ischemic globale 
chez la gerbille, pour Sanofi Recherche, T. Filloux and P.A. Vitte, Decembre 1992. , 

118. DETERMINATION OF IC50 VALUES OF A SERIES OF LTM COMPOUNDS ON BRAIN 
HISTAMINE HI RECEPTORS & HUMAN AND RABBIT PLATELET PAF RECEPTORS, for 
Centre de Recherche L.T.M., F. Delean and P.A. Vitte, January 1993. 

119. STUDY OF S-21111, S-21157 & 1-5464 ON BLOOD PRESSURE IN AWAKE RATS, for 
I.R.I.S., T. Filloux and P.A. Vitte, February 1993. 

120. STUDY OF THE EFFECTS OF VALERIANA AND HYPERICUM ON THE GABA- 
BENZODIAZEPINE RECEPTOR COMPLEX, Part 1: Effects of Valeriana , Hypericum and 
Valeriana + Hypericum on the GABA-Benzodiazepine receptor complex in vitro, for Steiner 
Arzneimittel, F. Delean and P.A. Vitte, February 1993. 

121. STUDY OF THE EFFECTS OF VALERIANA AND HYPERICUM ON THE GABA- 
BENZODIAZEPINE RECEPTOR COMPLEX, Part II: Effects of Hypericum and a Valeriana + 
Hypericum mixture on Benzodiazepine receptors in vivo, for Steiner Arzneimittel, F. Delean and 
P.A. Vitte, Februaiy 1993. 

122. STUDY OF THE EFFECTS OF VALERIANA AND HYPERICUM ON THE GABA- 
BENZODIAZEPINE RECEPTOR COMPLEX, Part III: Effects of Valeriana and Hypericum on 
GABA uptake in rat brain synaptosomes, for Steiner Arzneimittel, F. Del6an and P.A. Vitte, 
February 1993. 

123. BINDING OF NAE-086 TO 5-HriB 5-HTiC & 5-HT3 RECEPTORS, for Astra Arcus AB, F. 
Del6an and P.A. Vitte, March 1993. 

124. ISCHEMIE FOCALE CHEZ LA SOURIS, Elude du S-20595, pour I.R.I.S., V. Fraimbault et P.A. 

Vitte, Mars 1993. 

1 25. RECEPTOGRAM™ Zotepine, Haloperidol and Risperidone, for Klinge Pharma Gmbh, B, Fran^on 
and P.A. Vitte, March 1993. 

126. EFFECTS OF S-20098 ON PLASMA HORMONE LEVELS IN RATS, for I.R.I.S., F. Delean and 
P.A. Vitte, March 1993. 

127. RECEPTOGRAM™ LA-23 1 & LA-205, for Lacer S.A., B, Fran9on and P.A. Vitte, March 1993. 

128. RECEPTOGRAM ™ TX194 & Terfenadine, for Theramex, B. Fran^on and P.A. Vitte, March 
1993. 
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129. DETERMINATION OF 1C50 VALUES OF ST 680 ON GABAA, GABAB & 
BENZODIAZEPINE RECEPTORS AND CHLORIDE CHANNEL IN RA F BRAIN, for Sigma- 
Tau, F. Delean and P.A. Vitte, March 1993. 

130. BINDING OF S-20098 & MELATONIN TO 5-HTlC RECEPTORS, for I.R.I.S., F. Delean and 
P.A. Vitte, March 1993, 

131. HYPOXIE NORMOBARE CHEZ LA SOURIS Etude de 13 produits, pour LR.I.S., B. Fran9on et 
P.A. Vitte, Mai 1993. 

132. BINDING OF S-20499 TO SlGMAl & SIGMA2 RECEPTORS, for I R, I. S,, F. Delean and P.A. 

Vitte, May 1993. 

133. RECEPTOGRAM'"'^ ITF-296, for Italfarmaco S.p.A., A. Hiver and P.A. Vitte, June 1993. 

134. RECEPTOGRAM™ CRL-41687-C & Buflomedil, for Laboratoire L. Lafon, P. Sattonnet-Roche 

and P.A. Vitte, June 1993. 

135. EFFECTS OF S-20390 ON BLOOD PRESSURE IN AWAKE RATS, for I.R.I.S., V. Fraimbault 
and P.A. Vitte, June 1993. 

136. EFFETS, EX VIVO, DE L'ADMINISTRATION PER OS DU TX-194 SUR LA LIAISON AUX 
RECEPTEURS HISTAMINE-l, pour Theramex, V. Fraimbault et P.A. Vitte, Juin 1993. 

137. EFFETS, EX VIVO, DE L' ADMINISTRATION PER OS DE 5 PRODUITS OX.194, TX-244, 
TERFENADINE, ASTEMIZOLE & DEXCHLORPHENIRAMINE) SUR LA LIAISON AUX 
RECEPTEURS HISTAMINE- 1, pour Theramex, V. Fraimbault et P.A. Vitte, Septembre 1993. 

138- HYPOXIE NORMOBARE CHEZ LA SOURIS, Etude du JO- 1994, pour Institut de Recherche 
Jouveinal, A. Hiver et P.A. Vitte, Septembre 1993. 

139. EXPERIMENTAL CEREBRAL EDEMA INDUCED BY TRIETHYLTIN IN RAT, Development 
and validation of the model, for 1. R. I. S., A. Hiver and P.A, Vitte, September 1993. 

140. STUDY OF THE NEUROPROTECTIVE EFFECTS OF SR 57746A, lesion of basalis 
magnocellularis nucleus and passive avoidance in rat, for Sanofi Recherche, , A. Hiver and P.A. 
Vitte, September 1993, 

14 L THE EFFECTS OF COMPOUNDS ON NEOSTRIATAL CONCENTRATIONS OF DOPAMINE 
AND ITS METABOLITES IN MICE, Phase I : Effects of MPTP, for Laboratoire L. Lafon, V. 
Fraimbault and P.A. Vitte, September 1993. 

142. EFFECTS OF S-20396 ON BLOOD PRESSURE IN AWAKE RATS, for I.R.i.S., T. Filloux and 
P.A. Vitte, September 1993. 

143. EFFECTS OF LIPIOM INJECTION ON HAEMODYNAMIC AND BIOCHEMICAL 
PARAMETERS IN AWAKE RATS, PART I : VALIDATION OF THE EXPERIMENTAL 
MODEL, PART II : EFFECTS OF LIPIOM, Bracco Research S.A,, Progress Report LIP 019, P.A. 
Vitte, P. Emmel and M. Theraulax-Lacroix, April 1994, 139 pages. 

144. EFFECTS OF THE INJECTION OF LIPOSOME PREPARATIONS ON HAEMODYNAMIC 
FUNCTIONS IN AWAKE RATS, PART I : VALIDATION OF THE METHOD, PART 11 : 
EFFECTS OF LP, LPR, LC, LCR AND LCI, Bracco Research S.A., Progress Report LIP 020, P.A. 
Vitte, P. Emmel and M. Theraulaz-Lacroix, April 1994, 158 pages. 

145. EFFECTS OF A SINGLE INTRAVENOUS ADMINISTRATION OF 1 ML/KG BRl ON THE 
ARTERIAL BLOOD GASES IN THE UNANAESTHETIZED RAT, Bracco Research S.A., GLP 
study SAF-l-94, P.A. Vitte and M. Theraulaz-Lacroix, July 1994, 32 pages. 

146. BRl AND PATENT FORAMEN OVALE, Bracco Research S.A., Progress Report ECHO 067, 
P.A. Vitte, November 1994, 13 pages. 

147. BR2: EFFECT ON ARTERIAL BLOOD GASES AFTER A SINGLE INTRAVENOUS 
ADMINISTRA TION (2 AND 6 ML/KG) IN I HE UNANAESTHETIZED RAT, Bracco Research 
S.A., GLP study SAF-l -95, P.A. Vitte, M. Thei-aulaz-Lacroix and P. Emmel, June 1995, 34 pages. 
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148. BR2: EFFECTS ON THE RESPIRATORY SYSTEM AFTER A SINGLE INTRAVENOUS 
ADMINISTRATION IN THE ANAESTHETISED RAT, Bracco Research S.A., GLP study SAF- 
3-95, A. Broiiiet, R. Ventrone and P.A. Vitte, July 1995, 47 pages. 

149. BR2: CARDIOVASCULAR EFFECTS AFTER A SINGLE INTRAVENOUS 
ADMINISTRATION (1, 2 AND 6 ML/KG) IN THE UNANAESTHETIZED RAT, Bracco 
Research S.A., GLP study SAF-2-95, P.A. Vitte, P. Emmel and M. Theraulaz-Lacroix, July 1995, 
99 pages. 

150. BR21: EFFECT ON ARTERIAL BLOOD PRESSURE AND HAEMATOLOGY PARAMETERS 
AH'ER INTRAVENOUS ADMINISTRATION AT DOSES OF 1.5 AND 4.5 ML/KG IN THE 
DOG, Bracco Research S.A., GLP study SAF-6-95, P.A. Vitte, December 1995, 66 pages. 

151. LACK OF ISCHEMIC EFFECT OF BRl AFTER INTRACAROTID INJECTION IN THE 
ANAESTHETIZED RATS, Bracco Research S.A.. GLP study SAF-5-95, P.A. Vitte and M. 
Theraulaz-Lacroix, February 1996, 52 pages. 

152. EFFECTS OF LIPIOM ON PLASMA HYALURONAN, TNFD AND NITRIC OXIDE IN RATS; 
CORRELATION WITH THE HYPOTENSIVE EFFECTS, Bracco Researcii S.A., Progress Report 
LIP 022, P.A. Vitte, P. Emmel and M. Theraulaz-Lacroix, February 1996, 33 pages. 

153. BR21: EFFECTS OF LIPIOM ON PLASMA HYALURONAN AND NITRIC OXIDE AFTER 
ADMINISTRATION IN THE DOG; CORRELATION WITH ARTERIAL BLOOD PRESSURE 
AND HAEMATOLOGY PARAMETERS, Bracco Research S.A., Progress Report LIP 024, P.A. 
Vitte and P. Emmel, April 1996, 27 pages. 

154. ECHO 1-LIKE COMPOUNDS: PRO-ISCHEMIC EFFECT AFTER INTRACAROTID 
INJECTION IN THE ANAESTHETIZED RATS, Bracco Research S.A., Progress Report ECHO 
089, P.A. Vitte, M. Tlieraulaz-Lacroix and P. Bussat, May 1996, 27 pages. 

155. BR 14: EFFECT ON ARTERIAL BLOOD GASES AFTER A SINGLE INTRAVENOUS 

ADMINISTRATION IN THE UNANAESTHETIZED RAT, Bracco Researcii S.A., GLP study 
SAF- 1 -97, P.A. Vitte, M. Theraulaz-l^icroix and P. Emmel, November 1 997, 1 8 pages. 

156. BR14: CARDIOVASULAR EFFECT AFFER A SINGLE INTRAVENOUS ADMINISTRATION 

IN THE UNANAESTHETIZED RAT, Bracco Researcii S.A., GLP study SAF-2-97, P.A. Vitte, M: 
Theraulaz-Lacroix and P. Emmel, November 1997, 63 pages. 

157. BRl 4: PROISCHEMIC EFFECT AFTER INTRACAROTID INJECTION IN ANAESTHETIZED 

RATS, Bracco Research S.A., Progress Report, P.A. Vitte and M. Theraulaz-Lacroix, December 
1997. 

158. BRl: INTERACTION STUDY WITH ANTIHYPERTENSIVE DRUGS IN THE 

ANAESTHETISED SPONTANEOUSLY HYPERTENSIVE RAT, Bracco Research S.A., Non 
GLP study, P.A. Vitte and P. Emmel, December 1997, 71 pages. 

159. BR14: PROISCHEMIC EFFECT AFTER INTRACAROTID INJECTION IN ANAESTHETIZED 
RATS, Bracco Research S.A., GLP study SAF- 1-98, P.A. Vitte and M. Tlieraulaz-Lacroix, 

February 1998 , 19 pages. 

160. MICROCAPSULES ECHO 1/AMPHOTERICINE B: ETUDE DE FAISABILITE, Bracco 
Research S.A., Progress Report EchoAmB 01, S. Pochon, P.A. Vitte, X. Fouillet and P. Bussat, 
February 1998, 29 pages. 

161. BR14: EFFECTS ON THE RESPIRATORY SYSTEM AFTER A SINGLE INTRAVENOUS 
ADMINISTRATION IN THE ANAESTHETISED RAT, Bracco Research S.A., GLP study SAF- 
2-98, P.A. Vitte and A. Hiver, June 1998, 27 pages. 

162. PHYSIOLOGICAL AND BIOCHEMICAL MECHANISMS OF LIPOSOME SIDE EFFECTS : 
FROM THE SYMPTOMS TO THE KEY RECEPTOR, Bracco Research S.A., Progress Report 
LIP 025, P.A. Vitte, P. Emmel, M. Theraulaz-Lacroix and A. Hiver, June 1 998, 84 pages. 

163. BR23 : CARDIOVASULAR EFFECT AFTER A SINGLE INTRAVENOUS 
ADMINISTRATION (2 or 6 ml/kg) IN THE UNANAESTHETIZED RAT, Bracco Research S.A., 
GLP study SAF-5-98, P.A. Vitte, M. Theraulaz-Lacroix and P. Emmel, August 1998, 63 pages. 
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164. BR22: CARDIOVASULAR EFFECT AFTER A SINGLE IMTRAVENOUS ADMINISTRATION 
(I or 3 ml/kg) IN THE UN ANAESTHETIZED RAT, Bracco Research S.A., GLP study SAF-9-98, 
P. A. Vine, M. Theraulaz-Lacroix and P. Emmel, January 1999, 67 pages. 

165. BR23: EFFECT ON ARTERIAL BLOOD GASES AFTER A SINGLE INTRAVENOUS 
ADMINISTRATION (2 or 6 ml/kg) IN THE UNANAESTHETIZED RAT, Bracco Research S.A., 
GLP study SAF-4-98, PA. Vitte, M. Theraulaz-Lacroix and P: Emmel, February 1999, 18 pages. 

166. BR23: EFFECTS ON THE RESPIRATORY SYSTEM AFTER A SINGLE INTRAVENOUS 
ADMINISTRATION (2 or 6 mi/kg) IN THE ANAESTHETISED RAT, Bracco Research S.A., 
GLP study SAF-6-98, P. A. Vitte, M. Theraulaz-Lacroix and P. Emmel, February 1999, 19 pages, 

167. BR22: EFFECT ON ARTERIAL BLOOD GASES AFTER A SINGLE INTRAVENOUS 
ADMINISTRATION (1 or 3 ml/kg) IN THE UNANAESTHETIZED RAT, Bracco Research S.A., 
GLP study SAF-8-98, P.A. Vitte, M. Theraulaz-Lacroix and P. Emmel, February 1999, 18 pages. 

168. CARDIOVASCULAR SIDE EFFECTS OF LIPOSOMES IN DIFFERENT RAT STRAINS, P.A. 
Vitte, P. Emmel and M. Theraulaz-Lacroix, Progress Report LIP 026, February 1999, 12 pages. 

169. EFFECTS OF THE ACTIVATION OF THE RETICULOENDOTHELIAL SYSTEM ON THE 
HYPOTENSIVE PROPERTIES OF THE LIPOSOMES, P.A. Vitte, P. Emmel and M. Theraulaz- 
Lacroix, Progress Report LIP 027, February 1999, 1 1 pages. 

170. BR14: PROISCHEMIC EFFECT AFTER INTRACAROTID INJECTION IN ANAESTHETIZED 
RATS, Bracco Research S.A., GLP study SAF-7-98, P.A. Vitte and M. Theraulaz-Lacroix, March 
1999, 19 pages. 

171. BR22: EFFECTS ON THE RESPIRATORY SYSTEM AFTER A SINGLE INTRAVENOUS 
ADMINISTRATION (1 or 3 ml/kg) IN THE ANAESTHETISED RAT, Bracco Research S.A., 
GLP study SAF-1-99, P.A. Vitte, M. Theraulaz-Lacroix and P. Emmel, March 1999, 19 pages. 

172. THE ROLE OF THE MAST CELLS IN THE LIPOSOME-INDUCED HYPOTENSION IN RATS 
AND DOGS, Progress Report LIP 028, P.A. Vitte, P. Emmel and M. Theraulaz-Lacroix March 
1999, 30 pages. 

173. EFFECTS OF LIPOSOME PREPARATIONS ON THE INDIAN INK PARTICLE CLEARANCE 
BY THE RETICULOENDOTHELIAL SYSTEM, Progress Report LIP 029, P.A. Vitte, M. 
Theraulaz-Lacroix and P. Emmel, June 1999, 13 pages. 

174. MAGNETITE-INDUCED BACKPAIN/ VALIDATION OF AN HYPOTHESIS IN RATS, 
Progress Report LIP 030, P.A, Vitte, P. Emmel and M. Theraulaz-Lacroix, October 1999, 18 pages. 

175. EFFECTS OF LIPOSOME PREPARATIONS ON THE INDIAN INK PARTICLE CLEARANCE 
BY THE RETICULOENDOTHELIAL SYSTEM, Progress Report LIP 031, P.A. Vitte, M. 
Theraulaz-Lacroix and P. Emmel, November 1999, 10 pages. 

176. BR14: MECANISMES PHYSIOLOGIQUES DE LA PHASE RETARDEE; APPROCHE 
PHARMACOLOGIQUE IN VIVO CHEZ LE RAT ET LE PORC, Progress ReiK)rt ECHO 160, 
P.A. Vitte, A. Hiver et A. Broillet, , Novembre 1999, 18 pages. 
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COMMUNICATIONS 



Academic Research 

1. Claustrat B., Brun J., Harihe C, Vitte, Cohen and Cliazot G,: Melatonin RIA and 
improved method. J. Ster. Biochem. 1984, 20, 1447. Abstract of Satellite Symposia of the 7th 
International Congress of Endocrinology. Digby, Nouvelle Ecosse, Canada (1984). 

2. Brown G.M., Vitte P.A., Claustrat B. and Bobillier P.: ''^C acetylserotoninc is not transported 
across the blood brain barrier. 5th European Winter Conference on Brain Research, Vars, France, 
1985. 

3. Lepetit P., Lestage P., Vitte P.A,, Debiily G., Bobillier P. and Jouvet M.: Changes in local cerebral 
protein synthesis rater after water deprivation in the rat, 5th European Winter Conference on Brain 
Research, Vars, France, 1985. 

4. Vitte P.A., and Bobillier P. : Melatonine et barriere hematoencephalique. Journee de la Pineale, 
Obernay, France, 1985. 

5. Lestage P., Gonon M., Lepetit P., Vitte P.A., Rossato C. and Bobillier P. : Mesure in vivo des taux 
locauK d'incorporation de methionine dans les proteines cerebrales chez le rat. 2eme Colloque 
National de Neuroscience. Bordeaux, France, 1986. 

6. Vitte P.A., Sixou S., Mouren P., Harthe C. and Claustrat B. iDistribution cerebrale locale de la 
1125-Melatonine apres injection systemique chez le i*at. 17eme Colloque de la Soci6te de 
Neuroendocrinologie Experimentale. Lyon, France, 1987, 

7. Vitte P.A. : Vieillissement cerebral et maladies neurodegeneratives. Conference Laboratoires 
Jouveinal, Fresne, France, 1989. 

8. Bessin P., Loiseau A.M., Kato G. and Vitte P.A.: Central serotonin mediation in the antidepressant 
effect of Medifoxamine. Biological Psychiatry, Florence, Italia, 1991. 

9. Curie P.F., Guardiola B., Renard P. and Vitte P.A. :Anxiolytic-like activity of (±)S-20244 in the 
elevated plus maze test in rat. Serotonin 1991; 5-HT-CNS receptors and brain function, 
Birmingham, UK, 1991. 

10. Prevost A., Crambes O. and Vitte P.A.: Effects on continuous infusion of piribedil in memory 
impaired rats induced by AF64A. Third meeting of the European Neurological Society, Lausanne, 
Switzerland, 1992. 

11. Ettamanti R., Bianchi G., Vitte P.A., Kato, G., Porta R., Thiemermann C. Pescador R. and 
Mantovani M. : A novel insight into the mechanism of the antithrombotic action of DeHbrotide, 
Advances in Anticoagulant, Antithrombotic and Thrombolytic Drug$, The Third IBC International 
Symposium, Boston, USA, 1992. 

12. Schwarz M., Quattropani A., Cirillo R., Gillio Tos E., Vitte P.A., Missotten M., Nichols A., Favre 
N., Scheer A., Chevillard C, Barberis C. and Chollet A., Pharmacological characterization of a 
novel, potent, selective and orally active nonpeptide oxytocin receptor antagonist that delays 
preterm labor, 49th Annual Meeting of the Society for Gynecologic Investigation, Los Angeles, 20- 
23 March 2002 (J. Soc. Gynecol. Investig. 9, 270 A, 2002). NCRS 4612. 

13. Ferrandi C, Ballerio R,, Gaillard P., Vitte P.A., Gotteland J.P. and Cirillo R., AS60I245, a c-Jun 
N-terminal Kinase (JNK) inhibitor, reduces infarct size in myocardial ischemia/reperfusion in 
anesthetized rats, 1 Ith International Congress on Cardiovascular Pharmacotherapy, Montreal, 18- 
22 May 2002. NCRS 4688. 

14. Gillio Tos E., Cirillo R., Borrelli F., Schwarz M., Quattropani A., Chollet A.. In vivo pharmacology 
of AS602305, a new potent, selective and orally active nonpeptide oxytocin receptor antagonist, 
17th European Congress of Obstetrics and Gynaecology, Prague, 22-25 May 2002. NCRS4692. 

15. Carboni S., Hiver A, Gaillard P, Gotteland, JP and Vitte P-A, AS601245: A JNK inhibitor with 
neuroprotective properties, 9th International Symposium on Pharmacology of cerebral Ischemia, 
Marburg, July 2 1 -24, 2002. NCRS4802. 
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16. De Carvalho-Bittencourt M., Muzio V., Carboni S., Cirillo R., Grimshaw C, Bhagwat S., Kosco- 
Vilbois M., Vitte P,A., Ythier A, Dreano M and Pena Rossi C, Effect of a small molecule IKK2 
Inhibitor in Experimental Autoimmune Encephalomyelitis, Benzon Symposium, Copenhagen, Aug. 
18-22, 2002. NCRS4828. 

17. Perrin D., Camps M,, Vitte P.A,, Chvatchko Y., Nichols A,, Church D., Gaillard P., Ruckle T., 
Biamonte M. and Gotteland J.P., Case Study of JNK (Jun Kinase): from Hit Discovery to Lead 
Optimization in 90 weeks, IBC Conference: Protein Kinases to be held in Boston, 10-12 September 
2002. NCRS4808, 

18. Hooft van Huijsduijnen R., Bombrun A., Hiver A., Pasquali C, Sv/innen D., Curchod M.L. Vitte 
P.A, Pescini R., Walchli S., Espagnol, X. and Sagot Y., Target validation strategies for protein 
tyrosine phosphatases (PTPs), Protein phosphatases in drug discovery. Strategic Research Institute, 
Philadelphia 26-27 September 2002. NCRS4872. 

1 9. Selvaraju Ram, Noelle Callizot, Pierre-Alain Vitte . Georg Feger and Ursulla Boschert, Osteopontin 
promotes recovery of neuromuscular function in a mouse model of peripheral neuropathy, US 
Neuroscience Annual Meeting, , Nov. 8-12, 2003, New Orleans, LA, USA, 

20. Carboni Sonia, Antonsson Bruno, Gaillard Pascale, Gotteland Jean-Pierre, Gillon Jean-Yves and 
Vitte Pierre-Alain . Control of death-receptor and mitochondrial-dependent apoptosis by c-Jun 
NH2-terminal kinase in a model of global ischemia in gerbils. Congress Signal transduction 
pathways as therapeutic targets, Luxembourg, 25-28 January 2004 

21. Carboni Sonia, Hiver Agnes, Gaillard Pascal, Gillon Jean- Yves, Gotteland Jean-Pierre and Vitte 
Pierre-Alain . AS601245, a C-JUN NH2 -terminal protein kinase inhibitor, reduces axonal damage 
and cognitive deficits after global ischemia in gerbils. Pharmacology of Cerebral Ischemia, 
Marburg, Germany, 25-28 July 2004 

22. Sutton Amanda, Goutopoulos Andreas, Karra Srinivasa, Magar Sharad, Xu Qihong, Fischer David, 
Healey Brian, Ferro Pamela, Vitte Piene-Alain . Ardissone Vittoria, Martin Thieiry, Cirillo Rocco, 
Marinelli Paolo, Murray Robert and Blume-Jensen Peter, In Vitro and in Vivo Characterization of 
a Potent Small Molecule Inhibitor of MEKl, Medicinal Chemistry Gordon Conference at Colby- 
Sawyer College in New London NH, 1-6 August 2004 

23. Callizot Noelle, Andriambeloson Emile, Vitte Pierre- Alain . Garotta Gianni, Dreano Michel, 
!nterleukin-6 attenuates the development of experimental diabetes polyneuropathy in a rat model, 
14th Annual Meeting of the Diabetic Neuropathy Study Group of the EASD NEURODIAB XIV, 
Regensburg, Germany, 2-5 September 2004 

24. Karra Srinivasa, Sutton Amanda, Goutopoulos Andreas, Xu Qihong, Fischer David, Healey Brian, 
Liu Laura, Ferro Pamela, Vitte Pierre-Alain . Ardissone Vittoria, Martin Thierr>', Cirillo Rocco, 
Marinelli Paolo. Murray Robert, Magar Sharad and Blume-Jensen Peter, In Vitro and In Vivo 
Evaluation of A Novel, Potent Small Molecule Inhibitor of MEKl, The Chemical Biology of 
Cancer, London, UK, 8-10 September 2004. Frontiers in Chemical Biology 

25. Sonia Carboni, Pascal Gaillard, Jean-Pierre Gotteland, Jean-Yves Gillon and Pierre-Alain Vitte , 
Protection from lethal hepatic apoptosis induced by anti-fas antibody in mice by inhibition of c-jun 
N-terminal kinase, 3rd Swiss Apoptosis Meeting, Bern, 16-17 September 2004 

26. Ruckle Thomas, Grippi-Vallotton Tania, Maio Mario, Covini David, Pomel Vincent, Burgat- 
Charvillon Fabienne, Church Dennis, Shaw Jefferson, Sauer Wolfgang, Klicic Jasna, Sherbukhin 
Victor, Quattropani Anna, Dorbais Jerome, Desforges Gwenaelle, Valognes D., Camps Montserrat, 
Chabert Christian, Gillieron Corine, Fran9on Bernard, Perrin Dominique, Leroy Didier, Gretener 
Denise, Nichols Antony, Ji Hong, Rintelen Felix, Ardissone Vittoria, Ferrandi Chiara, Vitte Pierre- 
Alain . Carboni Susanna, Cirillo Rocco, Schwarz Matthias K. and Rommel Christian, Identification 
and development of potent and selective PI3K8 inhibitors, tf" Winter Conference, Steamboat, (Co), 
22 January 2005. 

27. Berna,sconi Lilia, Hiver Agnes, Antonsson Bruno, Dati Gabriele, Alliod Chantal, Zaratin Paola, 
Vitte Pierre-Alain , Roach Arthur, Michel Alexandra, Power Christine, Heine Holger and Sagot 
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Yves, Recombinant clusterin, a therapeutic for peripheral neuropathies, 4th workshop on 
clusterin/ApoJ, Villars sur Ollon, Switzerland, June 16, 2005. 

28. Pome! Vincent, Covini David, Church Dennis, Shaw Jefferson, Klicic Jasna, D, Valognes, Camps 
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Mice deleted for the plasminogen accivacor inhibitor- 1 (PAI-l) gene are relatively protected from 
developing pulmonary fibrosis induced by bleomycin. We hypothesized that PAM deficiency 
reduces fibrosis by promoting plasminogen activation and accelerating the clearance of fibrin matri- 
ces that accumulate within the damaged lung. In support of this hypothesis, we found that the lungs 
of PAI'l-^' mice accumulated less fibrin after injury than wild-type mice, due in part to enhanced 
fibrinolytic activity. To further substantiate the importance of fibrin removal as the mechanism by 
which PAl-1 deficiency limited bleomycin-induced fibrosis, bleomycin was administered to mice 
deficient in the gene for the Aa-chain of fibrinogen (fib). Contrary to our expectation, /i/?"/" mice 
developed pulmonary fibrosis to a degree similar to fib*^" littermate controls, which have a plasma 
fibrinogen level that is 70% of that of wild-type mice. Although elimination of fibrin from the lung 
was not in itself protective, the beneficial effect of PAI-1 deficiency was still associated with prote- 
olytic activity of the plasminogen activation system. In particular, inhibition of plasmin activation 
and/or activity by tranexamic acid reversed both the accelerated fibrin clearance and the protective 
effect of PAi-1 deficiency. We conclude that protection from fibrosis by PAM deficiency is depend- 
ent upon increased proteolytic activity of the plasminogen activation system; however, complete 
removal of fibrin is not sufficient to protect the lung. 

/. Clin. Invest. 106:1341-1350 (2000). 



Introduction 

Extravasation of plasma through damaged alveolar 
walls is a common occurrence during inflammatory 
lung diseases (1). Tissue factor that is present within 
the extravascular compartment triggers the coagula- 
tion cascade, leading to fibrin deposition (2). This fib- 
rin matrix then serves as a scaffold onto which fibrob- 
lasts migrate and produce interstitial collagens. 
Although this fibrotic process is beneficial in circum- 
stances such as the repair of cutaneous wounds, col- 
lagenous obliteration of airspaces renders the damaged 
areas of lung permanently nonfunctional. Therefore, 
successful repair of the injured lung requires timely 
removal of the fibrin-based matrix. This scenario is also 
presumed to be important in fibrotic processes that 
occur in other organs after tissue injury. 

Recent experimental work using the bleomycin 
model of lung injury has supported the importance of 
the plasminogen activation system in modulating the 
development of pulmonary fibrosis. When bleomycin 
is administered to experimental animals, a multifocal 
infiammatory response occurs that progresses to fibro- 
sis (3). This experimental model has served well for 
studying generic processes that occur when inflamed 



tissues are unable to effectively repair themselves and 
are replaced by collagenous scars. Using the bleomycin 
model, we have previously found that transgenic mice 
with a targeted deletion of their plasminogen activator 
inhibitor-1 (PAM) gene (PAi-i"/- mice) develop less pul- 
monary fibrosis than do wild-type mice (4). Further- 
more, intratracheal instillation of an adenoviral vector 
containing a urokinase- type plasminogen activator 
(uPA) gene reduces the amount of collagen that accu- 
mulates after bleomycin exposure in mice (5). 

A leading hypothesis for the protective role of the 
plasminogen activation system in pulmonary fibrosis 
has been that it is due to the plasmin-mediated clear- 
ance of fibrin. However, results of recent studies have 
suggested that other activities of the plasminogen acti- 
vation system could theoretically influence lung injury 
and repair (reviewed in refs. 6-9). For example, plasmin 
may contribute significantly to the proteolytic activa- 
tion of growth factors, cytokines, and matrix metallo- 
proteinases, the degradation of matrix glycoproteins, 
and the clearance of necrotic tissue. In addition, spe- 
cific components of the plasminogen activation system 
may have significant biological roles aside from control 
of plasmin-mediated proteolysis. In this regard, the 
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urokinase receptor may influence cell adhesion, cell 
migration, and the initiarion of intracellular signaling 
events. Finally, plasminogen might also influence the 
repair process by serving as the precursor of angioscacin 
(10). Determining whether the critical function of the 
plasminogen activation system in pulmonary fibrosis 
is plasmin-mediated fibrin clearance or another of its 
many functions will assist in developing therapeutic 
interventions. In this study, we evaluate whether the 
protection caused by PAI- 1 deficiency works through a 
plasmin-dependent proteolytic mechanism. We also 
evaluate the role of fibrin by determining whether its 
presence is required for pulmonary fibrosis to occur. 

Methods 

Materials. Chloramine-T, Ehrlich*s solution, collage- 
nase, DNase, Evans blue dye, formamide, heparin, 
human plasmin, and tranexamic acid were purchased 
from Sigma Chemical Co. (St. Louis, Missouri, USA). 
Human fibrinogen was obtained from Calbiochem- 
Novabiochem (Lajolla, California, USA). Human Glu- 
plasminogen and human thrombin were purchased 
from American Diagnostica Inc. (Greenwich, Con- 
necticut, USA). Texas red -conjugated BSA was 
obtained from Molecular Probes Inc. (Eugene, Oregon, 
USA). Goat anti-mouse fibrinogen antibody was pur- 
chased from Nordic Immunological Laboratories BV 
(Tilburg, The Netherlands). The VECTASTAIN Elite 
ABC kit was obtained from Vector Laboratories Inc. 
(Burlingame, California, USA). 

Animals. PAI l'^' mice (1 1) were originally provided by 
P. Carmeliec (University of Leuven, Belgium). These 
were subsequently backcrossed to C57BL/6 mice for 
eight generations. Wild-type C57BL/6 mice {PAI-V^') 
were purchased from Charles River Laboratories Inc. 
(Wilmington, Massachusetts, USA). Aa-chain fibrino- 
gen-deficient {fib^^~) mice (12) and fibrinogen-het- 
erozygotic ifih*^') mice were produced by mating 
C57BL/6 fih~^' males and fib*^' females that were inbred 
for six generations. 

Bleomycin exposure. For each experiment, age- and 
weight-matched groups of mice were used. Mice were 
anesthetized with either intraperitoneal pentobarbi- 
tal or inhalation of 2% isoflurane, and the trachea was 
exposed by a cervical incision. Bleomycin (Nippon 
Kayaku Co., Tokyo, Japan) was dissolved in PBS and 
then instilled intratracheally using a27-gauge needle. 
The dose for PAI-l'^' and PAJ-V^* mice (average weight 
20 ± 2 g) was 2.5 U/kg. A higher dose of bleomycin 
(5 U/kg) was given in experiments using fib~^~ and 
fib*^' mice (average weight 27 ± 4 g) after preliminary 
experiments using 2.5 U/kg failed to produce consis- 
tent pulmonary fibrosis in the ftb*^- mice. 

HydroxyproUne assay. Hydroxyproline content in whole 
mouse lungs was used to quantify lung collagen content 
and was measured colorimetrically by a method 
described previously, with modifications (13). At the 
time of sacrifice, both lungs were removed and the 
extrapulmonary airways and blood vessels were excised 



and discarded. The lung parenchyma was homogenized 
in 1.0 ml of PBS, after which 1.0 ml of 12 N HCl was 
added, and the samples were hydrolyzed at 1 10" C for 24 
hours. Five microliters of each sample was mixed with 5 
^il of citrate-acetate buffer (5% citric acid, 1.2% glacial 
acetic acid, 7.25% sodium acetate, and 3.4% sodium 
hydroxide). One hundred microliters of chloramine-T 
solution (1.4% chloramineT, 10% N-propanoI, and 80% 
citrate-acetare buffer) was added, and the mixture was 
incubated for 20 minutes at room temperature. 
Ehrlich*s solution was added and the samples were 
incubated at 65**C for 18 minutes. Absorbance was 
measured at 550 nm. Standard curves were generated 
for each experiment using reagent hydroxyproline as a 
standard. Results were expressed as micrograms of 
hydroxyproline contained in total lung tissue. 

Inflammatory leukocytes in bronchoalveolar lavage fluid 
and collagenase digests of lung tissue. Using a modification 
of a previously described method (14), mice were sacri- 
ficed with a lethal dose of pentobarbital, the trachea 
was cannulated with an 18-gauge needle, and the lungs 
were lavaged twice with PBS. The lavage fiuid was 
pooled and centrifuged, and the cell pellet was resus- 
pended in erythrocyte-lysing buffer (0.829% NH4CI, 
0.1% KHCO3, and 0.0372% NajEDTA, pH 7.4). The 
lavage cells were then washed with HBSS and resus- 
pended in RPMI 1640. Immediately after lavage, the 
lung vascular bed was perfused with PBS, and the lungs 
were excised, minced, and digested enzymatically with 
digestion solution (RPMI 1640, 1 mg/m! collagenase, 
and 30 U/ml DNase) at 37*0 for 30 minutes. The sus- 
pension was dispersed by repeated aspiration through 
a 10-ml syringe, and erythrocytes were lysed by sus- 
pending in erythrocyte-lysis buffer. The cells were then 
washed twice with HBSS, resuspended in RPMI 1640, 
and filtered through a 100-|im nylon mesh. Lung 
leukocytes were then purified by spinning through a 
20% discontinuous Percoll gradient. Aliquots of cells 
from bronchoalveolar lavage fluid (BALF) and lung tis- 
sue digests were stained with trypan blue, and the cells 
were counted using a hemocytometer. Cells were spun 
onto glass slides using a cytoce ntrifuge (Shandon Inc., 
Pittsburgh, Pennsylvania, USA) and were stained with 
Diff-Quick (Fisher Scientific International, Pittsburgh, 
Pennsylvania, USA). Three hundred cells were exam- 
ined on each slide and the percent of each leukocyte 
type was recorded. 

Measurement of fibrinolysis within lungs. Fibrinolysis in 
murine lungs was measured by a method described pre- 
viously, with modifications (15). Mice were sacrificed 
and 1 ml of DMEM containing fibrinogen (1.5 mg/ml), 
fluorescein-labeled fibrinogen (0.1 mg/ml), plasmino- 
gen (60 Hg/ml), thrombin (0.2 U/ml), and Texas 
red-conjugated BSA (0.25 mg/ml) was injected intra- 
tracheally. The Texas red-conjugated BSA was includ- 
ed in the instilled fluid to allow for correction for any 
differences in dilution that may have occurred between 
samples during subsequent tissue processing. After the 
instillation, the trachea of each animal was ligated, and 
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the lungs were placed into a 50-ml cube and incubated 
at 37**C for 5 hours. The lungs were then minced, cen- 
crifuged at 10,000^ for 10 minutes, and the fluorescein 
and Texas-red levels in 20 fil of supernatant were deter- 
mined. To correct for differences in dilution, the level 
of fluorescence from fluorescein was divided by the 
level of fluorescence from Texas red. During each 
experiment, separate aliquocs of instilled solution were 
placed into plastic tubes. The fibrin matrices in one set 
of tubes were allowed to remain undisturbed (0% lysis 
control), and those in another sec of cubes were lysed 
wich excess plasmin (100% lysis concrol). Both sees of 
tubes were centrifuged, and the ratios of fluorescein to 
Texas-red fluorescence in the supernatancs were deter- 
mined. The percent of fibrin that was degraded in the 
lung was calculated assuming a linear relationship 
between the values of the 0% and 100% lysis controls. 

Measurement of fibrin content of lung tissue. Fibrin 
deposited in murine lungs was measured by 
immunoblotting to detect an SO-kDay-y chain dimer 
fragment that was generated by terminal digestion of 
fibrin with reagent plasmin (16). After intravenous 
injection of heparin (1 U per mouse) to limit post- 
mortem clotting, mice were sacrificed and the lung vas- 
cular bed was perfused with PBS containing 500 U/ml 
heparin. The lungs were excised, placed in iced buffer 
(0.05 M Tris, 0.15 M NaCI, and 500 U/ml heparin, pH 
7,6), and homogenized- Human plasmin prepared in the 
same buffer was added to a final concentration of 0.32 
U/ml, and the mixture was incubated 2it 37°C for 8 
hours wich agicacion. The plasm in-digesced lungs were 
centrifuged and the supernatant was recovered. As a 
positive control, mouse plasma was obtained, clotted 
with thrombin, and digested with human plasmin at 
37 ''C for 8 hours. The plasmin-digested clot was cen- 
trifuged and che siipernatanc was collecced. Equal vol- 
umes of lung supernatants were boiled under reducing 
conditions in SDS sample buffer and then separated by 
electrophoresis on 10% SDS-polyacrylamide gels. Pro- 
teins were electroblotted onto a nylon membrane, and 
the membranes were reacted wich a goac anti-mouse fib- 
rinogen antibody. The transfer membranes were then 
stained using the VECTASTAIN Elite ABC kit following 
che manufacturer's suggested protocol. 

Measurement of pulmonary vascular permeability. Using a 
modification of a previously described method (17), 
Evans blue dye prepared in PBS was injected into the tail 
veins of mice at 20 mg/kg body weight. Mice were sacri- 
ficed after 1 hour, and serum samples were prepared 
from blood aspirated by cardiac puncture. Afcer che 
lung vascular bed was perfused wich PBS, the lungs were 
excised, placed in 2 ml of formamide, and homogenized. 
The homogenized lungs were incubaced ac 60° C for 16 
hours, followed by centrifugation and coUeccion of the 
supernacanc. The absorbance of che supernacancs and 
of serum samples diluted 50 times was measured on a 
speccrophotometer at 620 nm. A permeability index was 
calculated as the ratio of che absorbance of che lung 
supernacanc to thac of the serum. 



Tranexamic acid treatment. To block the lysine binding 
sites on plasminogen and plasmin, tranexamic acid was 
adminisrered by concinuous subcutaneous infusion via 
osmotic pumps (model 2002; ALZA Corp., Palo Alto, 
California, USA) implanted under the dorsal skin of 
mice. The pumps were loaded to deliver 1.8 mg of sub- 
cutaneous tranexamic acid per day. In addition, cranex- 
amic acid was added co che drinking wacer at 20 mg/ml 
to supplement the parenteral dose (18). 

Histology. Lungs were inflation-fixed with 10% neutral- 
buffered formalin, and the trachea was ligated. Heart 
and lungs were removed and fixed, en bloc, in paraffin. 
Four-micron sections were prepared from the blocks and 
stained wich hematoxylin and eosin or Gomori*s 
trichrome to detect collagen. 

Immunohistocbemistry. Sections were stained immuno- 
histochemically for fibrin(ogen) with polyclonal rabbit 
anti-mouse fibrinogen antibodies (19), and for 
fibronecrin with rabbit anti-human fibronectin (DAKO 
Corp., Carpinteria, California, USA). Bound antibody 
was detected using biotinylated goat anti-rabbit 
immunoglobulin and che VECTASTAIN Elite ABC kit 
(both from Vector Laboratories Inc.) using diaminoben- 
zidine as a peroxidase substrate (Sigma Chemical Co.). 
Sections were counterstained with hematoxylin. 

Statistics, Results are expressed as mean ± SEM, Dif- 
ferences between treatment groups were analyzed using 
ANOVA with Fisher's PLSD test for pairwise compar- 
isons (StatView; Abacus Concepts Inc., Berkeley, Cali- 
fornia, USA). A P value of less than 0.05 was considered 
statistically significant. 

Results 

Kinetics of collagen accumulation in bleomycin-injured lungs. 
Eitzman and colleagues have reported thac PAI-l'^' mice 
developed less pulmonary fibrosis chan did PAJ-V^* ani- 
mals after bleomycin administration (4). To determine 
the kinetics of collagen accumulation, 2.5 U/kg body 
weight of bleomycin was instilled intratracheally into 
PAl-l~^~ and PAI-1*^* mice. By 14 days afcer bleomycin 
treatment, the lung hydroxyproline content of PAI-T^* 
mice increased {P < 0.006) above that of control animals 
receiving PBS alone, and continued to increase through- 
out the duration of the experiment (Figure la). The 
hydroxyproline content of lungs from PAf-i"/' mice 
receiving bleomycin increased more slowly, becoming 
significantly elevated above control levels on day 21 
(P < 0.01), when it reached a plateau. At all measured 
time points after bleomycin delivery, the lung hydrox- 
yproline content of PAI-l'^' mice remained below that 
of mice (P < 0.04). Lung hydroxyproline content 

of mice 28 days after receiving PBS was used as the con- 
trol condition in these experiments, because we have 
previously found that the lung hydroxyproline content 
after administration of PBS is not different from that of 
mice receiving no manipulations (data not shown). 
Survival of mice after bleomycin treatment. Twenty PAJ- 
mice and twenty PAI-l*^* mice were given 2.5 U/kg 
per body weight bleomycin intratracheally. After 28 
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Figure 1 

EfFect of bleomycin on lung hydroxy proline contenc and survival in 
P/\/- and P/\/-rv- mice. Bleomycin (2.5 U/kg) or PBS was instilled 
intratracheally into P/^/-^"''" and PAt-V''' mice, (a) On days 14, 21, 
and 28 after administration, lung hydroxypro line was measured. Data 
are expressed as mean ± SEM; n * 9-1 1 mice per group, (b) Kaplan- 
Meier survival curve for bleomycin-exposed PAf-l-^- and PAhV^* mice 
{n - 20 per group). Bleo, bleomycin. 



days, when the experiment was terminated, one of the 
PAl-l~^- mice and seven of the PAI-l*^* mice had died 
(Figure lb). The Mantel-Cox log rank test showed that 
the survival rate of the PAI-l'^" mice was significantly 
better than that of the PAl-V^* mice (P < 0.02). 

Lung inflammation after bleomycin injury. It is possible 
that the reduced collagen content of bleomycin-injured 
lungs in PAI-1-^' mice was due to an effect of PAM defi- 
ciency on the development of the inflammatory 
process. To evaluate this possibility, the inflammatory 
cell contents of BALF and coUagenase-digested lung 



tissue were analyzed. Seven days after bleomycin deliv- 
ery, when the inflammatory response is known to be 
maximal (20), the total number of leukocytes in the 
BALF and collagenase digests of lung tissue had 
increased equally in PAI-l'^' and PAl-l*' * mice (Table 1). 
The increase in percent neutrophils and decrease in 
percent macrophages within BALF were also similar in 
the two genotypes. The percent lymphocytes and 
eosinophils remained unchanged for both genotypes. 
The relative distribution of inflammatory cell types in 
collagenase digests of lung tissue was unchanged by 
bleomycin in both PAJ-1~ '~ and PAl-V'^* animals. These 
quantitative assessments of leukocyte accumulation 
were consistent with the visual appearance of the 
inflammatory infiltrates seen in histological sections 
of lung tissue (data not shown). 

Fibrin content of lungs from bleomycin-injured mice. To 
determine if PAM deficiency decreased fibrin accu- 
mulation after lung injury, the amount of fibrin con- 
tained in lung tissue from PAl-1-^- and PAl-V^* mice 
was measured 7 days and 14 days after bleomycin 
administration. Lung tissue was homogenized and 
then digested by adding excess plasmin, and the fibrin 
content was assessed by the intensity of the plasmin- 
degraded y-y dimer fragment band seen at 80 kDa on 
immunoblots (21) (Figure 2a). As a positive control, 
fibrin formed from thrombin-treated mouse plasma 
was digested with plasmin and analyzed as above. The 
negative control sample was mouse plasma anticoag- 
ulated with ETDA, The lung digests of PBS-treated 
Pi4/-i~'" and PAI V^'* mice showed no y-Y dimer frag- 
ment. On day 4 after bleomycin, the y-y dimer frag- 
ment was easily detectable in the lungs of PAI-V^* 
mice. The intensity of the y-y dimer fragment band 
increased further, reaching a plateau on day 7 and 
remaining elevated on days 14 and 21. In contrast, the 
intensity of the y-y dimer fragment band from 
bleomycin-exposed PAI-1~^~ mice was less than that 
from PAl-l*^* mice on days 4 and 7, and had decreased 
further by days 14 and 21. At the level of sensitivity 
used to detect the plasmin cleavage products of y-y 
dimers, none were detected in lung homogenates in 
the absence of in vitro plasmin digestion. 



Table 1 

Bleomycin-induced accumulation of inflammatory cells within bronchoalveolar lavage fluid and lung tissue of PA/- 7*/* and PAf-l-^' mice 



BALF 



Genotype 


Bleomycin 


Total cells 


Mac 


PMN 


Lymph 


Eos 






xlO* 


% 


% 


% 


% 


PAI-V^* 




0.29 ± 0.03 


97.3 ± 0.2 


1.1 ±0.4 


1.3 ±0.03 


0.2 ± 0.1 




+ 


3.10 ± 1.01 


81.4 ±1.9 


12.3 ±1.3 


4.6 ± 1.6 


1.7 ±1.0 


PAI-1-^- 




0.43 ± 0.09 


97.2 ± 0.2 


1.0 ±0.2 


1.9 ±0.51 


0.0 ± 0.0 




+ 


3.21 ±0.47 


81.2 ±2.5 


13.4 ± 1.6 


2.6 ± 1.2 


2.8 ±1.3 


PAIV^* 




14.7 ±2.2 


71.6 ±4.4 


12.8 ±6.2 


15.2 ±3.6 


0.4 ± 1.0 




+ 


27.0 ± 1,8 


75.1 ± 1.7 


9.8 ± 1.4 


13.9 ±3.8 


1.2 ± 1.0 


PAl-1'/- 




17.9 ± 1,6 


71.6 ±2.2 


10.2 ±2.8 


17.6 ±2.5 


0.7 ± 0.2 






26.8 ±2.0 


75.1 ± 1.6 


11.6 ±0.2 


12.3 ±1.3 


0.9 ± 0.04 



Bleomycin (2.5 U/kg) was administered intratracheally to PAI-1~/- and PAI-1*/* mice. On day 7, animals were sacrificed and the lungs were lavaged with PBS. 
Minced lung tissue was digested with collagenase, and leukocytes were separated from residual debris by filtration and PercoU-gradient centrifugation. The 
leukocyte numbers and differential counts (Mac, macrophages; PMN, neutrophils; Lymph, lymphocytes; Eos, esosinophils) were determined by hemocytometer 
and examination of cytospin preparations, respectively. Data presented as mean ± SEM; n - 4. 
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Lung permeability in bleomycin-exposed mice. The 
decreased amount of fibrin within the lungs of 
bleomycin-exposed PAJ-l~ '' mice could be due co either 
decreased formacion of fibrin or its accelerated 
removal. Because fibrin is formed predominantly from 
the extravasation of plasma from damaged blood ves- 
sels, the effect of PAI-1 deficiency on lung vascular per- 
meability that follows bleomycin administration was 
assessed. To measure permeability, mice were injected 
intravenously with Evans blue dye, which binds rapid- 
ly to circulating albumin. The accumulation of dye 
within lung tissue can be detected spectrophotometri- 
caliy, thereby allowing measurement of macromolecu- 
lar permeability. As shown in Figure 2b, the amount of 
vascular permeability 7 days after bleomycin adminis- 
tration was similar in PAl-l'^'~ and PAI-l*^'* mice. Of 
note, Figure 2a shows that fibrin accumulation on day 
7 was less in PAl-l'-- mice than in PAl-V-'* mice at a 
time when vascular permeability was similar. Thus, 
PAI-1- - mice appear to be able to remove lung fibrin 
more efficiently than PAI-T-^* mice do. On day 14, less 
dye had accumulated in the lungs of PAI-l'^' mice than 
in lungs of PAI-l*^'* mice. Hence, the reduced fibrin 
accumulation in PAI-1~'- mice on day 14 could be due 
to a combination of increased fibrin clearance and/or 
decreased vascular permeability. 

Rate of fibrin clearance from mouse lungs. To assess the 
capacity of the lungs to degrade fibrin within the air- 
spaces, an in situ fibrinolytic assay was used. Plas- 
minogen and thrombin were added to fluorescein- 
labeied fibrinogen, and the mixture was immediately 
instilled into the lungs of mice ex vivo. After 5 hours, 
fibrinolysis was measured by determining the percent- 
age of soluble fluorescent material chat was soluble 
from lung minces. Experiments were performed on 
days 7 and 14 after bleomycin administration. Day-to- 
day variation in the percent fibrinolysis occurring in 
control mouse lungs prevented direct comparison of 
absolute values from experiments performed on dif- 
ferent days. Nevertheless, on both day 7 and day 14, 
bleomycin-injured PAI-1'^~ mice lysed fibrin more effi- 
ciently than did PAI-V^' mice (P < 0.002; Figure 2c). 
Unexpectedly, fibrin degradation in PAl-V^* mice was 
similar between those treated with PBS alone and those 
that were exposed to bleomycin. This is in contrast to 
studies of BALF where soluble fibrinolytic activity has 
been reported to be partially suppressed during pul- 
monary infiammation (22, 23). 

Inhibition of plasmin activity with tranexamic acid. PAI- 1 
has multiple functions beyond inhibiting the enzymat- 
ic activity of plasminogen activators (6-9). It affects cel- 
lular adhesion and migration by interfering with the 
interaction between the uPA receptor and vitronectin. 
PAI-1 also initiates cellular uptake of the uPA recep- 
tor-uPA complex. It is possible that one or more of 
these other functions of PAI-1 could be instrumental in 
modulating the extent of fibrosis that occurs after lung 
injury. To determine if PAI-1 deficiency limits collagen 
deposition by allowing more plasmin activation to 
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Figure 2 

Dynamics of fibrin accumulation in bleomycin-exposed mice. 
Bleomycin (2.5 U/kg) or PBS was instilled intratracheally into PAl-}''- 
and PAI-V^* mice, (a) To measure tissue fibrin content, lungs were 
harvested from heparinized mice on the days indicated and were 
processed as described in Methods. As positive and negative controls, 
fibrin samples formed within thrombin-treated plasma and antico- 
agulated plasma were prepared and processed in an identical man- 
ner. Samples were separated by SDS-PAGE and then immunoblotted 
to detect plasmin-gcnerated, fibrin-derived 7-7 dimer fragment, (b) 
Vascular permeability was measured 7 days and 14 days after 
bleomycin administration, using lung accumulation of Evans blue dye 
that was injected intravenously 1 hour before sacrifice. Data are 
expressed as mean ± SEM; r? = 7 for bleomycin-injured mice, rt - 3 for 
PBS control mice. (c)The rate of fibrin degradation was measured in 
lungs of PAI-1-^- and PAf-V'* mice 7 days and 1 4 days after intratra- 
cheal instillation of PBS or bleomycin. At the time of sacrifice, fibrin 
was formed within pulmonary airspaces by intratracheally instilling 
fluorcscein-labeled fibrinogen, plasminogen, and thrombin. After 5 
hours, the percent of soluble fluorescent material was measured. Data 
are expressed as mean ± SEM; n «* 4-7 mice per group. 
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Figure 3 

Effects of tranexamic acid on lungs of bleomycin -injured PAf-l-'' 
mice. PBS or bleomycin was instilled intratracheally into PAI-I'^' 
mice, and PBS or tranexamic acid was administered by subcuta- 
neous osmotic pump and addition to drinking water. After 14 days, 
lungs were harvested and analyzed, (a) Immunoblot of fibrin- 
derived y-ydimer fragment in the plasmin-digested lungs of tranex- 
amic acid-created PAI-1~''- mice, (b) Hydroxyproline content of lung 
tissue. Results are expressed as mean t SEM; n = 5-8 mice per 
blcomycin-treated group. 



occur, we reversed this effect by administering tranex- 
amic acid to PAI-1~^~ mice. Tranexamic acid inhibits 
plasmin proteolysis both by blocking plasmin(ogen) 
binding to its proteolytic substrates (24, 25) and by 
interfering with plasminogen binding to cellular recep- 
tors, where cell surface-bound uPA efficiently converts 
it to plasmin (26). Administration of tranexamic acid to 
PAJ'l'^" mice successfully reduced the plasmin activity 
in bleomycin-injured lungs, as indicated by an increase 
in lung fibrin content (Figure 3a). In the absence of 
bleomycin, fibrin did not accumulate within the lungs 
of mice receiving tranexamic acid. Importantly, this 
inhibition of plasmin activity by tranexamic acid caused 
a significant increase in lung collagen as measured by 
hydroxyproline content (P < 0.002; Figure 3b). These 
results support the importance of plasmin enzymatic 
activity in limiting lung fibrosis after an inflammatory 
injury. In separate experiments discussed below, tranex- 
amic acid was administered to bleomycin-treaced ani- 
mals having wild-type PAl-l genes. No significant 
tranexamic acid effect was seen, indicating that normal 
PAI-1 expression masks any additional inhibitory effect 
of tranexamic acid. 

Bleomycin-induced pulmonary fibrosis in mice that are 
genetically deficient in fibrinogen. The above results 



showed that PAI-1 deficiency enhances fibrinolytic 
activity and limits both fibrin accumulation and col- 
lagen deposition after bleomycin administration. To 
determine whether fibrin accumulation is a required 
step for bleomycin-induced fibrosis to occur, 
bleomycin was given to mice that were genetically 
deficient in fibrinogen (fib" ' mice). These animals, 
having a targeted deletion within the gene coding for 
the Aa chain of fibrinogen, have no circulating fib- 
rinogen, whereas heterozygous animals iftb*-') have a 
plasma fibrinogen level that is 70% that of the wild 
type. (Note: Fibrinogen levels of fib"''~ mice are reduced 
by less than half of wild-type levels because the syn- 
thesis of the Bp chain appears to limit fibrinogen pro- 
duction in wild-type animals.) Contrary to our 
hypothesis that fibrinogen deficiency would protect 
from fibrosis, bleomycin caused an increase in lung 
hydroxyproline content in both fib*- ' and fib~''~ mice 
(P < 0.004; Figure 4). 

The similarity in lung hydroxyproline content of fib'^'^ 
and fib*^~ mice did not appear to be a consequence of 
selective death of mice of any one genotype after 
bleomycin instillation. A higher fraction of fib-^- mice did 
die in the first two days after surgeiy (-17% postsurgical 
mortality with either bleomycin or saline instillation) 
than fib*''~ mice, which almost always sui-vived the surgi- 
cal trauma. Of those surviving the initial days after sur- 
gery, approximately 80% of both fib'^' and fib*''~ mice sur- 
vived to the day of lung collection. All mice lost 5- 10% of 
body weight after the administration of bleomycin. 
Recovery of some weight occurred between 14 and 24 
days, with no difference between fib~^~ and fib*^' mice. 
PBS-treated mice in both groups also lost some weight 
initially after surgery, but regained weight at a faster rate 
than did bleomycin-t reared mice (P < 0.007). 

At 14 days and 24 days after bleomycin treatment, 
focal fibrotic lesions were seen in lungs of both fib*^~ 
and fib~/- mice (Figure 5), whereas no lesions were 
observed in lungs collected from saline-created ani- 
mals of either genotype. Most of the lesions con- 
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Figure 4 

Effect of bleomycin (5 U/kg) on lung hydroxyproline concent of pb"^- 
and pb*^' mice. Bleomycin (pb*^-, n - 6; pb'^-, fi = 5) or PBS {pb*^', 
n - 6; pb"^', n - 3) was instilled intratracheally into pb~^' and pb*^' 
mice. Twenty-four days after administration, lung hydroxyproline 
was measured. Data are expressed as mean ± SEM. 
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tained some areas of fibrillar material that stained 
blue for collagen deposits with Gomori's trichrome 
stain, and were frequently associated with inflam- 
matory cell accumulations consisting of lymphocytes 
and macrophages. The number of spindle-shaped 
cells resembling fibroblasts appeared to be increased 
in lesions from both genotypes. Other than the dis- 
tinct absence of detectable fibrin(ogen) in lungs of 
ftb~''- mice (Figure 5), no qualitative differences were 
seen in lesion composition or occurrence in either 
genotype. Immunohistochemical analyses for fib- 
rin(ogen) in fib*'- mice revealed intense staining, pre- 
sumably of fibrin, within lesions in which the normal 
alveolar architecture had been obliterated. 

Immunohistology was also used to 
assess the distribution of fibronectin 
within lung tissue after bleomycin treat- 
ment- Fibronectin was chosen for study 
because it has cell-adhesive properties 
that might compensate for the absence 
of provisional fibrin matrices in fib"' 
mice. Furthermore, fibronectin might 
accumulate in fib-'' animals if the 
absence of fibrinogen were to cause 
increased leaking of plasma proteins 
after lung injury. The intensity and pat- 
tern of fibronectin immunostaining 
were both indistinguishable between 
fib*^~ and fib~^'' mice (Figure 5). Fibro- 
nectin was weakly detectable within the 
interstitium of normal-appearing lung 
tissue. In contrast, prominent fibrillar 
staining was seen within the fibrotic 
lesions of fib*^~ and fib~^- mice. A similar 
pattern was seen in wild-type and PAI- 
i'/" mice after bleomycin administra- 
tion (data not shown). 

The effect of tranexamic acid on fib'^' 
mice was also studied using the same 
drug delivery protocol used for the PAI- 
J-/- mice. Contrary to what was seen in 
bleomycin-treated PAJ-l'^^ mice, tranex- 
amic acid in fib'''~ mice caused only a 
minor, statistically insignificant 
increase in lung hydroxyproline con- 
tent 14 days after bleomycin adminis- 
tration (Figure 6). However, tranexam- 
ic acid also failed to cause a significant 
increase in hydroxyproline when given 
to bleomycin-treated fib*^' mice. Appar- 
ently, in both fib-''' and fib*''' mice, 
tranexamic acid did not add substan- 
tially to the inhibitory effect that is 
conferred by normal PAI-1 expression. 



inflammarion is firmly established. BALF from 
patients with acute respiratory distress syndrome {27, 
28) or a variety of chronic inflammatory lung diseases 
(22) show suppressed fibrinolytic activity, largely due 
CO increases in fibrinolytic inhibitors. Mice with 
impaired fibrinolysis caused by either overexpression 
of a PA/- 7 rransgene (4) or by targeted deletion of the 
plasminogen gene (29) develop increased lung fibrosis 
after lung inflammation. Conversely, increasing the 
activity of the fibrinolytic system by targeted deletion 
of PAI-1 genes (as investigated in this report) protects 
the lung from fibrosis induced by inflammation. Fur- 
thermore, increasing uPA in the lung by direct protein 
administration (30) or by gene transfer (5) also reduces 




Discussion 

A relationship between the plasmino- 
gen activation system and the develop- 
ment of pulmonary fibrosis after lung 



Figure S 

Microscopic appearance of focal fibrotic lesions in lungs of fib*/' and pb-^' mice treat- 
ed with bleomycin. Fibrotic lesions with associated inflammatory infiltrates typical of 
those occurring in lungs of (a) and fib-^' (b) mice 24 days after bleomycin instil- 
lation (hematoxylin and eosin staining). Comori's trichrome stain illustrating collagen 
deposition within lesions of both f}b*/' (c) and fib-/- (d) mice. Immunohistochemical 
stain showing that fibrin(ogen) is associated with lesions of fib*/' mice (e; brown reac- 
tion product) but is absent in fib''- mice (f). Immunostaining for fibronectin shows a 
similar pattern in fib*/" (g) and fib''' (h) mice. 
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Figure 6 

Effect of tranexamic acid on lung hydroxyproline content of 
bleomycin-treated lungs of pb"''- and pb--'- mice. PBS or bleomycin 
was instilled. intratracheally, and PBS or tranexamic acid was admin- 
istered by subcutaneous osmotic pump and addition to drinking 
water. After 14 days, lungs were harvested and analyzed for hydrox- 
yproline concent. Results expressed as mean ± SEM; n « 4-7 animals 
per group. Tran, tranexamic acid. 



fibrosis. Imporcancly, these latter interventions can be 
delivered after the inflammatory injury has already 
begun, making the approach potentially useful as a 
treatment for pulmonary fibrotic diseases. To develop 
this theory, we studied the mechanisms by which PAJ- 
i''" mice limit the development of pulmonary fibrosis. 

Our initial hypothesis was that accelerated fibrin 
clearance from the damaged lung would remove the 
provisional matrix onto which fibroblasts can migrate 
and form collagenous scars. In agreement with this 
hypothesis, fibrin was found to accumulate less in 
Pi4/-i"/~ mice after lung injury than in wild-type mice. 
The reduction in fibrin accumulation did not appear 
to be due to reduced fibrin formation because the 
extent of inflammatory injury and permeability leak 
seen 7 days after bleomycin delivery was similar in the 
PAI'l'^' mice and the wild-type mice. Instead, the 
reduced fibrin accumulation in PAI-1~^' mice was 
probably a result of enhanced fibrinolysis, a phenom- 
enon that was demonstrated directly by comparing 
the rate of degradation of fibrin matrices formed ex 
vivo in the lungs of PAI-1-^' and wild-type animals. In 
fact, the difference that was measured in the fibri- 
nolytic rate of lungs from PAI-1~^~ mice and wild-type 
mice is probably lower than the true difference in fib- 
rinolytic capacity. The reason for the reduced differ- 
ence is that the experimental matrix that was gener- 
ated within the lungs was formed by instilling reagent 
fibrinogen, plasminogen, and thrombin. Such a 
matrix would minimize a major difference between 
wild-type and PAI-l'^' animals, namely, the presence 
of PAI-1 in endogenously formed matrices in wild- 
type mice and its absence in PAI-1~^~ mice. The differ- 
ence in fibrinolytic rates that we reported between the 
two genotypes thus depended upon the small amount 
of PAl-1 present in the alveolar lining fluid before the 



matrix-forming substrates were instilled. It is likely 
that the same considerations explain the similarity in 
fibrinolytic rates seen in wild-type mice treated with 
PBS or bleomycin. Forming the intra-alveolar matri- 
ces using reagent fibrinogen and thrombin would 
diminish the effect of increased PAM production that 
is induced by bleomycin. 

To our surprise, the experiments using ftb~''~ mice 
showed that fibrin was not required for fibrosis to 
occur in the injured lung. Despite the consistent pres- 
ence of fibrin during inflammatory lung diseases and 
the ability of fibrin to serve as a provisional matrix for 
wound repair, fibrosis occurs in its absence. The minor 
difference in lung hydroxyproline content between the 
bleomycin-treated fib*''~ and fib''' mice was not statis- 
tically significant. In retrospect, previous observations 
of events occurring in nonpulmonary organs of fib'-'' 
mice hinted at this possibility. In particular, scar tissue 
develops in fib'^'' mice during the resolution of sub- 
capsular hematomas that form spontaneously in the 
liver (12) and during the healing of full-thickness skin 
incisions (3 1). Nevertheless, the finding of pulmonary 
fibrosis in fib'^'' mice does not exclude the possibility 
that excessive or prolonged fibrin deposition in the 
lung can contribute to fibrosis under specific condi- 
tions. For example, the increased fibrosis associated 
with plasminogen deficiency or inhibition of plas- 
minogen activation could be, at least in part, driven by 
the cellular organization of fibrin deposits. If this the- 
ory is correct, then based on the studies presented 
here, genetically imposing fibrinogen deficiency in 
plasminogen-deficient mice would be expected to sub- 
stantially reduce, but not eliminate, lung fibrosis. On 
the other hand, the further reduction in pulmonary 
fibrin that would be achieved by genetically imposing 
fibrinogen deficiency in PAI-1 -deficient mice would 
probably result in little or no further reduction in 
fibrosis relative to mice lacking PAI-1 alone. Further- 
more, the results of this study would predict that the 
relative resistance of PAI-1 -deficient mice to fibrosis 
would be maintained regardless of the presence or 
absence of fibrinogen. Studies are underway to direct- 
ly test these working hypotheses. 

Although fibrin is obviously a key physiologic target 
of plasmin (3 1), biologically significant roles of plasmin 
beyond fibrin clearance have been documented in spe- 
cific physiological and pathological contexts. An impor- 
tant physiological role of plasminogen activation in 
hepatic repair that is independent of plasmin-mediated 
fibrinolysis has been recently established (9). Plasmino- 
gen-deficient mice were shown to have a marked impair- 
ment in the reparative removal of necrotic liver tissue; 
this impediment persisted in the absence of fibrin dep- 
osition. A role of plasmin outside fibrinolysis has also 
been recognized in the pathological context of kainate- 
induced neurodegeneration in the hippocampus (32). 
Detailed studies revealed that laminin is probably one 
critical plasmin substrate relevant to neurodegenera- 
tion. Plasmin may also limit pulmonary fibrosis by con- 
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cribucing to che clearance of common extracellular 
matrix components (reviewed in refs. 33 and 34). Alter- 
natively, plasmin-mediaced activation of protease zymo- 
gens, such as latent metalloproceinases (35), may limit 
pulmonary fibrosis by secondarily removing extracellu- 
lar matrix proteins whose persistence would obliterate 
alveolar spaces. Although these proteolytic activities 
could theoretically cause harm by destroying normal tis- 
sue, their net effect appears beneficial during lung 
inflammation in PAl-l~'~ mice. Additional targets of the 
plasminogen activation system that might be relevant 
to pulmonary fibrosis are latent growth factors (8). In 
particular, HGF is activated by plasminogen activators 
in vitro (36) and might promote alveolar epithelial cell 
proliferation and repair of damaged alveolar surfaces in 
vivo (37). Recent studies have shown that administra- 
tion of HGF can reduce bleomycin-induced lung injury 
(38). Taken together, the fibrotic tendency may be mod- 
ified by plasminogen activators/plasmin through com- 
binatorial cleavage of many distinct substrates, includ- 
ing fibrin and nonfibrin substrates. 

The beneficial effect of PAI-1 deficiency on pulmonary 
fibrosis could also be due to nonproteolytic features of 
the plasminogen activator/plasmin system. In vitro 
studies have shown that the binding of PAI-1 to the 
extracellular matrix protein vitronectin reduces the 
affinity of uPA receptor for vitronectin (39, 40). When 
uPA is bound to its cell-surface receptor, interaction 
with PAM increases the removal of uPA receptor com- 
plexes from the cell surface (41). Among other activities, 
the uPA receptor is involved in initiating intracellular 
signaling (42). The net in vivo effects of these complex 
PAI-1 interactions are difficult to predict given their 
potential roles in adhesion, migration, and intracellular 
signaling involving leukocytes, fibroblasts, epithelial 
cells, and endothelial cells. However, even if these non- 
proteolytic features are operative in limiting pulmonary 
fibrosis, certain observations still point strongly to a 
proteolytic role for the plasminogen activator/plasmin 
system. In particular, tranexamic acid was found to 
reverse the beneficial effects of PAI-1 deficiency. Tranex- 
amic acid inhibits plasmin-mediated proteolysis by 
interfering with the binding of plasmin to its target sub- 
strates (24), or by preventing plasminogen binding to 
cellular surfaces where it can be activated efficiently by 
receptor-bound uPA (43). Although tranexamic acid 
promoted fibrosis in animals deficient in PAI-1, similar 
effects were not seen in animals with a normal PAl-1 
genotype. Apparently, the regulatory effects of PAI-1 on 
plasminogen activation were not influenced signifi- 
cantly by the addition of tranexamic acid. 

Modulation of fibrotic processes by the plasminogen 
activator/plasmin system is not unique to the lung. 
Decreased plasminogen activation was found to result 
in increased amounts of extracellular matrbc within 
immune-damaged renal glomeruli (44) and synovial tis- 
sue (45), whereas increased plasminogen activation 
reduced the development of adhesions within an 
inflamed pleural space (46) and reduced capsular fibro- 



sis of the optic lens after complicated cataract surgery 
(47). From these data, a pattern emerges in which 
impaired plasminogen activation in multiple organ sys- 
tems is generally associated with increased fibrosis, 
whereas interventions that enhance plasminogen acti- 
vator activity are associated with less fibrosis. However, 
there are situations in which a different relationship is 
seen. For example, after myocardial infarction, uPA-defi- 
cient mice were found to accumulate less collagen in the 
necrotic areas (48). Notably, this decreased deposition of 
extracellular matrix is associated with a severe impedi- 
ment in the clearance of necrotic cardiomyocytes and 
diminished fibroblast infiltration. The seemingly con- 
tradictory profibrotic aspect of plasminogen activation 
in some tissues (e.g., ischemic heart tissue) and the antifi- 
broric potential of increased plasminogen activator 
activity in other tissues (e.g., bleomycin-challenged lung 
tissue) might be reconciled by distinct biological features 
associated with different sites and types of injury. Spe- 
cific features that might determine the local pro- or 
antifibrotic consequences of defects in plasminogen acti- 
vation include (1) the presence (e.g., ischemic tissue) or 
absence (e.g., skin incision) of dense fields of necrotic 
cells; (2) the composition of the extracellular matrix; and 
(3) the availability and type of other proteolytic systems 
for clearing matrix components and cellular debris. 

In conclusion, our results show that PAI-1 deficien- 
cy reduces the extent of pulmonary fibrosis that fol- 
lows inflammatory lung injury. The improvement 
tracks closely with the proteolytic activities of the plas- 
minogen activator/plasmin system. Despite our sup- 
position that accelerated removal of fibrin was respon- 
sible for limiting fibrosis, fibrin is not required for 
fibrosis to occur. Degradation of additional substrates 
or activation of other antifibrotic pathways may be 
involved in the beneficial effect of augmenting the 
plasminogen activation system. 

Note added in proof. Subsequent to the submission of this 
article, a short communication was published reporting 
the development of bleomycin-induced fibrosis in mice 
with a targeted deletion of the fibrinogen y-chain (49). 
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Abstract Scleroderma is a fibrotic condition character- 
ized by immunologic abnormalities, vascular injury and 
increased accumulation of extracellular matrix (ECM) 
proteins in the skin. Although the etiology of sclero- 
derma has no! yet been fully elucidated, a growing body 
of evidence suggests thai ECM overproduction by acti- 
vated fibroblasts results from complex interactions 
among endothelial cells, lymphocytes, macrophages and 
fibroblasts, via a number of mediators, such as cyto- 
kines, chemokines and growth factors. For a belter 
understanding of the pathophysiology of sclerodenna, 
animal models are important tools. We established a 
murine model of cutaneous sclerosis by local treatment 
of bleomycin. This model reproduces several histological 
as well as biochemical aspects of human scleroderma. 
However, it must be emphasized that studying animal 
models cannot answer all the problems of human 
scleroderma. In this review, we introduce current in- 
sights into the pathogenesis of bleomycin-induced 
scleroderma, and discuss its contribution to our under- 
standing of the pathogenesis of, and treatments for, 
human scleroderma. 

Keywords Scleroderma • Cytokine • Bleomycin • 
Mouse model 



Introduction 

Systemic sclerosis (SSc) is a connective tissue disease 
which shows fibrosis of the skin and various internal 
organs [55, 63], Although the pathogenesis of SSc has 
not been fully elucidated yet, it is characterized by the 
excessive accumulation of extracellular matrix (ECM) 
proteins in the skin and various internal organs, vascular 
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injury and immunological abnormalities, in early stages 
of SSc, activated fibroblasts in the affected areas produce 
high amounts of collagen [68]. Histological analysis of 
the initial stage of scleroderma reveals perivascular 
infiltrates of mononuclear cells in the dermis [22]. which 
is associated with increased collagen synthesis in the 
surrounding fibroblasts [102]. A number of studies have 
demonstrated the crucial role of several fibrogenic 
cytokines released from immunocytes in initiating the 
sequence of events leading to fibrosis. 

Animal models are useful in providing clues for 
understanding various human diseases and for testing 
new methods of treatment. Although animal models that 
exhibit all the aspects of SSc are not currently available, 
several experimental animal models, such as tight skin 
(Tsk) mouse, Tsk2 mouse, UCD 200 chicken, bleomy- 
cin-induced murine scleroderma, sclerodermatous graft- 
vs-host disease (Scl-GvHD) mouse and exogenous 
injections of transforming growth factor-/? (TGF-/?)/ 
connective tissue growth factor (CTGF)-induced murine 
fibrosis model, have been examined so far. In this re- 
view, we discuss recent insights gained from use of 
bleomycin-induced murine scleroderma. 



Bleomycin-induced scleroderma model 

Bleomycin, originally isolated from the fungus Strepto- 
myces veriicillm [115], is a frequently used antitumor 
antibiotic effective against various kinds of cancers. 
Lung fibrosis is a well-known side effect of bleomycin, 
and bleomycin-induced pulmonary fibrosis is an estab- 
lished rodent model resembling human lung fibrosis. 
Rodents develop acute alveolitis, followed by intense 
interstitial inflammation when given bleomycin intrat- 
racheally. At later stages, ECM including collagen, 
fibronectin, hyaluronan and small proteoglycans were 
found to be increased in the lung [93, 119]. Mountz et al. 
[74] reported that rats injected repeatedly with sublethal 
doses of bleomycin over a 58-week period developed 
severe dermal fibrosis similar to those found in human 
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scleroderma, with structural abnormalities of collagen 
fibers. 

We established the bleomycin-induced scleroderma 
model [122, 123, 127, 13 L 135, 138]. Dermal sclerosis 
was induced by repeated subcutaneous injections of 
bleomycin into the shaved back skins. The methods are 
described in detail elsevv'here [139]. Histopalhological 
examination revealed definite dermal sclerosis charac- 
terized by thickened collagen bundles, and the deposi- 
tion of homogenous materials in the thickened dermis 
with cellular infiltrates, which mimicked the histologic 
features of human scleroderma. Dermal thickness 
gradually increased, up to twofold compared with PBS 
injections, with the onset of the sclerosis. Masi cells in- 
creased in number in tandem with the induction of 
dermal sclerosis. Also, a marked dcgranulation was 
found in particular in the early phase, with elevated 
plasma histamine levels [122]. In some strains, epidermal 
thickness was also induced as well [127]. Further, lung 
fibrosis showing thickened alveolar walls with cellular 
infiltrates was also induced early on. However, the kid- 
ney, liver and heart were not involved. 

Cutaneous changes were generally localized to the 
area surrounding the injected site,, and sclerotic changes 
were not induced in the remote regions, such as fingers 
or abdominal skin. The induced sclerotic changes re- 
mained at least 6 weeks, after the stoppage of bleomycin 
injections. Thickness of vascular wall in the deep dermis 
was also observed. Dermal sclerosis was induced in 
various mice strains, although there was some variation 
among strains in the intensity of the s^miptoms and the 
period required to induce dermal sclerosis. C3H/Hc, 
DBA/2, B10.D2 and BIO.A strains demonstrated intense 
dermal sclerosis by bleomycin treatment, suggestive of 
bleomycin-^susceptible" [83, 127]. Hydroxyproline 
contents in the bleomycin-ireated skin were significantly 
increased in comparison with those of the PBS-treated 
skin. Increased production as well as upregulation of 
mRNA levels of type I collagen were evident in the 
sclerotic skin [122, 127]. Instrumental analysis also 
showed skin sclerosis objectively [138]. It is shown that 
scleroderma skin express a- smooth muscle actin (SMA) 
[101], and myofibroblasts are shown to persist in 
scleroderma fibroblasts cultures [52]. In the bleomycin- 
induced scleroderma, a-SMA-positive myofibroblasts 
were observed in the demiis, and gradually increased in 
tandem with the induction of dermal sclerosis [135]. 
Treatment with anti-TGF-/? antibody reduced myofi- 
broblast formation in the lesional skin [135], 

Interestingly, autoantibodies were detected in the 
serum after bleomycin treatment [122]. SSc exhibits 
various types of autoantibodies, such as anti-topoisom- 
erase-I and anti-centromere antibodies and less fre- 
quently antinucleolar antibodies. Anti-topoisomerase-I 
antibodies are associated with diffuse SSc, increased 
frequency of pulmonary fibrosis and higher mortality. 
The anti-polymyositis-scleroderma (PM-Scl) autoanti- 
body is associated with the polymyositis/scleroderma 
overlap syndrome. Anti-Th/TOantibodies are associated 



with milder skin and systemic involvement but with 
more severe pulmonary fibrosis and overall worse 
prognosis. Anii-RNA-polymera.se family antibodies and 
antitibrillarin antibodies are predictive of difluse SSc 
with systemic involvement and greater mortality (9). An 
analysis of the types of autoantibodies in the bleomycin 
model awaits future investigation. 

Table 1 shows a summary comparison of this murine 
and human scleroderma. Bleomycin hydrolase inacti- 
vates bleomycin by hydrolyzing the amide bond in the (i- 
aminoalanineamide moiety. Due to the lack or shortage 
of this enzyme in the lungs and the skin [84, 1 10], bleo- 
mycin-induced fibrosis and sclerosis occurs predomi- 
nantly in these organs. The features which are speculated 
to contribute to the primary and secondary events in the 
bleomycin-induced scleroderma are shown in Table 2. 
Furthermore, factors suspected of having an important 
but as yet fully unspecified role are listed in Table 3. 



Effect of bleomycin on different types of cells 

T cells 

Mononuclear cell infiltration in the skin is one of the 

most characteristic histological features in early sclero- 
derma [22], which is suggested to cause secretion of 
cytokines that stimulate ECM production. Moreover, 
infiltrating T cells, predominately CD4 + , are also the 



Table I Characteristics of bleomycin-induced murine scleroderma 



Features 


Bleom yci n-i nd uc«d 


Human SSc 




scleroderma 




Sclerodei*ma 


+ 


+ 


Sclcrodaclyly 






Epideitnis 






Epidermal proliferation 


+ 




Dermis 






Increased dermal thickness 


+ 


+ 


Tliickened collagen fibers 


+ 


+ 


Increased collagen deposition 


+ 


+ 


Thickened vascular wall 


. + 




Mononuclear cell infiltrate 


+ 


+ 


Mast cell increase 


+ 


+ 


Increased procollagen 


+ 


+ 


gene expression 






Increased TGF- fi expression 


+ 




Increased CCL2 expression 




+ 


Myofibroiic phenotype 


+ 


+ 


changes 






Enhanced apopiosis of 


+ 




mononuclear cells 






Visceral involvement 






Pulmonary 


+ 




Gastrointestinal 




+ 


Vascular 




+ 


Renal 




+ 


Cardiac 




+ 


Hepatic 




+ 


Apoptosis 


+ 


+ 


Autoantibody 


+ 


+ 


Scl-70 


7 
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Table 2 Skin features of suggested primary/secondary cx^ntributory 
factors in bleomycin-induced scleroderma 



Primary 



Secondary 



Increased collagen deposition 
Mononuclear cell infiltrates 

Increased procollagen gene 
expression 

Increased TGF-f) expression 
Increased CCL2 expression 
Myofibroiic phenoiype changes 
Enhanced apoptosis of mononuclear cells 



Epidermal proliferation 
Increased dermal 
thickness 

TTiickcned collagen 
fibers 

Thickened vascular wall 
Mast cell increase 



Table 3 Possible contributory molecules 



TGF-/I 

PDGF 

lL-4 

CCL2 

HSP47 

CTOr 

TNF-a 

II--I3 

CD40 



major lymphocytes seen in the involved skin of sclero- 
derma. As in human SSc, T cells, macrophages and mast 
cells are present in increased numbers or in an activated 
state in involved tissues in animal models of SSc. In 
hereditary avian scleroderma, lymphocytes in the deep 
dermis and subcutaneous tissues are enriched for a//?, 
CD4 + T cells [29]. Chronic GvHD is induced in mice by 
T cell allorecognition of major or minor histocompati- 
bility complex-encoded molecules [43]. CD4+ T cells 
have been shown to be required for the excessive accu- 
mulation of dermal collagen in Tsk mice [1 1 7]. A n umber 
of mononuclear cells, including T ceils and macrophages, 
infiltrates into the lesional skin following bleomycin 
treatment [121]; however, dermal sclerosis can be induced 
even in severe combined immunodeficient (SCID) mice 
to a degree comparable to control mice [131], and nude 
mice as well [138], following bleomycin exposure. 

Macrophages 

Activated macrophages are among the first immune cells 
to increase in the early stages of fibrosis. These cells release 
a number of proinflammatory and fibrogenic mediators 
such as TGF-j5 and platelet -de rived growth factor 
(PDGF) [53]. Early scleroderma skin contains an in- 
creased number of CD14-positjve cells (monocytes/mac- 
rophages) compared with normal skin [54]. Ishika wa el al. 
[42] demonstrated that the ratio of infiltrating macro- 
phages to T cells was high, suggesting an important role of 
cutaneous macrophages in scleroderma. Bleomycin was 
also shown to induce alveolar [13] as well as peripheral 
[124] macrophages to produce growth stimulatory factors 
for fibroblasts. In Scl-GvHD mice, a mimber of 
CDllb + 2F8+ monocytes/macrophages and CD3+ T 



cells were seen in the skin [144]. In the bleomycin model, a 
number of macrophages were delected along with T cells 
[122], and were assumed to have an important role as a 
major source of a number of mediators. 

Mast cells 

Mast cells are suggested to be one of the important 
initiators of SSc, since they increase in the lesional skin 
during the early stages .scleroderma [35, 79]. Ma.st cells 
produce a ninnber of cytokines, growth factors and 
mediators that are capable of activating fibroblasts or 
endothelial cells. Potential fibrogenic factors, which are 
produced by mast cells include histamine, tryptase, 
TGF-/L basic fibroblast growth factor (bPGF), inter- 
leukin-4 (lL-4) and PDGF. On the other hand, TGF-/i 
can induce mast cell migration [27. 82]. In Tsk mice, 
mast cells arc abundant in the thickened dermis and 
exhibit prominent degranulation; conversely, it has been 
reported that a decrease in fibrosis is associated with 
inhibition of mast cell degranulation [116]. By contrast, 
pulmonary fibrosis can be induced by bleomycin in 
genetically mast cell-deficient mice [72]. In the bleomycin 
model, mast cells increased in number with degranula- 
tion, in tandem with the induction of derma! sclerosis 
[122]. On the contrary, bleomycin could induce dermal 
sclerosis even in genetically mast cell-deficient WBB6F1- 
W/Wv mice similarly to control littennates [123]. TGF-/? 
can be detected immunohisto logically in the infiltrating 
cells in both WBB6F1- + /+ and WBB6FNW/Wv mice 
[123]. These TGF-^^-positive cells are predominantly 
composed of macrophages. Mast cells may be associated 
with, but arc not a prerequisite for the induction of 
dermal sclerosis, suggesting that mast cells may not be 
the sole pathway to the induction of sclerosis. 

Eosinophils 

Eosinophil infiltration is occasionally seen in association 
with skin fibrosis [30]. Infiltration of eosinophils precedes 
and parallels the development of the lung fibrosis in- 
duced by bleomycin [143]. A report gives evidence that 
eosinophils represent a primary cellular source of TGF-^ 
[142]. In vitro studies have shown that eosinophils readily 
bind to fibroblasts, leading to the release of mitogens that 
augment fibroblast proliferation [90] and collagen pro- 
duction [6]. On the contrary, bleomycin-induced pul- 
monary fibrosis was independent of eosinophils [31]. lL-5 
and eotaxin are important in the differentiation, prolif- 
eration, recruitment, activation and chemotaxis. Fibro- 
blasts can be a source of eotaxin under appropriate 
cytokine stimulation [1 1 1]. A recent study demonstrates 
that bleomycin-induced pulmonary fibrosis can be in- 
duced both in IL-S transgenic and deficient mice, sug- 
gesting that eosinophils and T cells contribute distinctly 
to the development of fibrosis via production of different 
cytokine components [37]. In the lesional skin of the 
bleomycin model, eosinophils increased in number [125]. 
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Fibroblasts 

Fibroblasts are stimulated by inflammatory ceils, such as 
activated T cells, monocytes/macrophages, mast cells 
and eosinophils. Additionally, recent evidence has sug- 
gested that fibroblasts themselves are not only structural 
elements but also part of the immune system, and can be 
activated to display new Inunctions important for con- 
trolling ECM synthesis and for producing various 
cytokines/grovvth factors, chemokines, growth factor 
receptors, integrins and oxidants. In vitro, bleomycin 
upregulates collagen mRNA expression in human lung 
and dermal fibroblasts [12, 128]. However, newly syn- 
thesized collagen is rapidly degraded in bleomycin- 
treated lung fibroblasts [108], suggesting that increased 
collagen degradation may be responsible for the 
remodeling process. Also, bleomycin upregulates TGF- 
p\ mRNA expression in cultured rat lung [12] and hu- 
man skin fibroblasts [128]. Increased TGF-^ mRNA 
transcription is followed by TGF-/i» mRNA accumula- 
tion and TGF'lj protein, which is followed by increased 
procollagen gene transcription [7]. It was shown that 
TGF-P is a mediator of the fibrotic effect of bleomycin 
at the transcriptional level and that the TGF-/? response 
element is required for bleomycin stimulation of the 
prO'al(I) collagen promoter [51]. 



Endothelial cells 

Endothelial cells have been reported to play an impor- 
tant role in the inflammatory as well as fibrotic process. 
In vitro studies showed a dose-dependent stimulation of 
endothelial cell secretion of collagen synthesis by bleo- 
mycin [87]. This stimulatory activity was inhibited by the 
anti-TGF-/i antibody [87]. Recent research has shown 
that cellular adhesion molecules (CAMs) are involved 
between immune cells, fibroblasts, endothelial cells and 
ECM in the lesional skin of scleroderma. Dermal 
endothelial cells of SSc patients have increased expres- 
sion of E-selectin [1 1], which is important in the homing 
of inflammatory cells to the skin. In vitro, bleomycin 
directly induces E-selectin expression in endotheUal cells 
through activation and nuclear translocation of NF-kB/ 
Rel [41]. In the bleomycin-treated lung tissues, E-selectin 
expression was upregulated [4]. CAMs are suspected of 
being responsible for the homing of pathologic inflam- 
matory cells to the skin, and the adhesion step may be 
important to the development of the initial pathologic 
changes of bleomycin -induced scleroderma. 



Role of cytokines in bleomycin-induced scleroderma 

TGF-/i 

TGF-^ plays a key role in the pathogenesis of fibrosis, 
TGF-/?, which is found abundantly in platelets and 



released from activated macrophages or lymphocytes, is 
a strong chemoattractant for fibroblasts [95]. TGF-/i 
increases the synthesis of ECM, such as collagen type 1 
and type UL or fibronectin by fibroblasts, modulates 
cell-matrix adhesion protein receptors, and regulates the 
production of proteins that can modify the ECM by 
proteolytic action, such as plasminogen activator (PA), 
an inhibitor of plasminogen or procollagenase [95]. In 
addition. TGF-/i is capable of stimulating its own syn- 
thesis by fibroblasts through autoinduction [80]. TGF-/i 
induces rapid fibrosis and angiogenesis when injected 
subcutaneously into newborn mice [94]. Thus, mainte- 
nance of increased TGF-/i production may lead to the 
progressive deposition of ECM, resulting in fibrosis. 
Actually, TGF-/? mRNA is elevated in the lesional skin 
of SSc and other fibrotic conditions [28, 56, 86], and also 
shown to co-localize with type I collagen in scleroderma 
skin [56]. Blocking its bioactivily can suppress matrix 
production and modulate cutaneous fibrosis [70, 145]. In 
the bleomycin model, immunohistological analysis 
showed that TGF-/? was detected on the infiltrating cells, 
which were predominantly composed of macrophages, 
as well as fibroblasts at sclerotic stages. TGF-p\ and -Pl 
mRNA expression was also delected in the lesional skin. 
Additionally, expression and synthesis of TGF-/iI were 
increased in bleomycin-^'susceptible" mice strains [83]. 

Signaling by TGF-/i elicits potent profibrotic re- 
sponses in tissue fibroblasts and mesenchymal cells. 
Upon binding of TGF-J3 to the type 11 receptor, the type 
I receptor becomes activated, and signaling to the nu- 
cleus occurs predominantly by phosphorylation of 
cytoplasmic mediators belonging to the Smad family. 
Three families of Smads have been identified; receptor- 
regulated Smad2 and -3 (R-Smads), common partner 
Smad4 (Co-Smad) and inhibitory Smad6 and -7 (f- 
Smads). Smad? has been shown to act as an intracellular 
antagonist of TGF-^ signaling, and an inhibitor of 
TGF-/?-induced transcriptional responses. An antifib- 
rotic effect of Smad7 has recently been demonstrated in 
bleomycin-induced lung fibrosis [77]. In scleroderma 
skin and cultured scleroderma fibroblasts, basal level 
and TGF-^-inducible expression of Smad7 are selec- 
tively decreased, whereas Smad3 expression is increased 
[15]. On the other hand, Smad7 expression levels in 
scleroderma fibroblasts are unclear and disputed [2, 73]. 
In the bleomycin-treated skin, fibroblasts showed pre- 
dominantly nuclear localization of Smad3 and intense 
staining for phospho-Smad2/3 [109]. On the other hand, 
expression of Smad? was downregulated, which may 
account for sustained activation of TGF-/(/Smad sig- 
naling in the lesional skin. Targeted disruption of Smad3 
ameliorated bleomycin-induced scleroderma, unassoci- 
ated with inflammation [59]. Recently, other signaling 
pathways besides the Smad proteins have also been 
shown to mediate TGF-jS signaling in scleroderma fi- 
broblasts, such as the p38 mitogen-activated protein 
kinase (MARK) [40] and phosphatidylinositol 3-kinase 
(PI3K) [3] pathways. Signaling pathways involved in the 
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induction of scleroderma by bleomycin need liilurc 
study. 



Type 2 cytokines 

Receni hypotheses have indicated that an imbalance 
exists between the type 1 and type 2 cytokine response in 
the pathogenesis ofsclcrodeiTna. The conlribution oflL- 
4 to scleroderma leads to the classification of this dis- 
order as type 2 condilions. Additionally, a report shows 
that most CD4 H T cell clones generated from sclero- 
derma skin biopsies exhibited type 2 cytokine profiles 
[69]. Serum in the majority of SSc patients showed ele- 
vated levels of CD30 [69], which is expressed on acti- 
vated type 2 cells. [L-4 is produced by activated memory 
T cells and mast cells, both of which have a significant 
role in the pathogenesis of scleroderma. lL-4 is known to 
promote fibroblast proliferation, gene expression and 
synthesis of ECM proteins such as collagen and tenascin 
[65, 92]. lL-4 has recently been shown to upregulate the 
tissue inhibitor of metailoproteinase-2 (TIMP-2) in 
dermal fibroblasts via p38 MAPK pathway [39]. IL-4 
upregulates TGF-/^ production in eosinophils [20] and T 
cells (103). Increased IL-4 production is detected in the 
sera or by activated peripheral blood mononuclear cells 
of patients with SSc [78]. Scleroderma fibroblasts express 
more IL-4 receptor a and produce more collagen after 
lL-4 stimulation [105]. In the bleomycin model, iL-4 
levels in the serum [125] as well as in the lesional skin [67] 
were significantly elevated following bleomycin treat- 
ment. 

lL-13 is a pleiotropic cytokine, elaborated in sig- 
nificant quantities by appropriately stimulated type 2 
cells. rL-13 has the ability to suppress proinflamma- 
tory cytokine production in monocytes/macrophages 
and is known to enhance the growth and differentia- 
tion of B cells and to promote immunoglobulin syn- 
thesis. In addition, in vitro studies demonstrated that 
IL-13 is a potent stimulator of fibroblast proliferation 
and collagen production [16, 46, 85]. IL-13 has been 
implicated in the pathogenesis of fibrotic conditions 
including SSc [32]. The profibrotic effect of IL-13 is 
postulated to involve irreversible fibroblast activation, 
triggered either directly [17] or indirectly through 
TGF-/? [61, 85]. IL-13 transgenic mice show increased 
lung fibrosis, as well as increased levels of TGF-^l [5]. 
In the bleomycin model, IL-13 mRNA levels in the 
lesional skin increased after bleomycin treatment [67]. 
Immunohistochemical localization showed enhanced 
expression of IL-13 on the infiltrating mononuclear 
cells in the lesional skin, parallel to the induction 
of dermal sclerosis, and IL-13 protein levels were also 
significantly greater. IL-13 receptor (IL-13R)-a2 
expression in the lesional skin was augmented mainly 
in the infiltrating mononuclear cells and macrophages 
after bleomycin exposure. IL-13R-a2 mRNA level 
in the whole skin was upregulated, whereas IL-13R-al 
mRNA was not significantly enhanced. IL-13 



may promote the progression of cutaneous fibrosis/ 
sclerosis in the development of bleomycin-induced 
scleroderma. 



Tumor necrosis facior-a 

Expression of TNF is detectable during the very early 
stages of scleroderma [36]. The serologic level of TNF 
increases with the clinical severity and biologic activity 
of the disease [1], or in association with pulmonary 
fibrosis [33]. In vitro, bleomycin activates human alve- 
olar macrophages to produce tumor necrosis factor-a 
(TNF-a). In vivo studies show increased levels of TNF-o: 
protein and mRNA in lungs following bleomycin 
treatment in mice [88, 89]. The development of lung 
fibrosis was prevented by the administration of anti- 
bodies against TNF-a [89]. TNF-a exerts its biological 
effects through two TNF-a receptors; TNFRl (55 kDa) 
and TNFR2 (75 kDa). TNFRp55-dericient mice devel- 
oped severe sclerotic changes of the dermis following 
bleomycin exposure at extremely earlier time points, as 
compared with wild type mice [75]. Induction of matrix 
metalloproteinase-1 (MMP-1) expression was signifi- 
cantly inhibited in the bleomycin -treated skin of 
TNFRp55-null mice. The authors suggest that signaling 
mediated by TNFRp55 plays an essential role in MMP-1 
expression and a key role in the collagen degradation 
process in the bleomycin model. 



Role of chemokines in bleomycin-induced scleroderma 

CCL2 is a chemoattraciant for monocytes and T cells, 
belonging to a C-C chemokine superfamily of small 
proteins that are important in recruiting and activating 
leukocytes during inflammation [62]. Previous studies 
have shown that numerous types of cells including fi- 
broblasts, endothelial cells, epithelial cells, mononuclear 
cells and smooth muscle cells are capable of expressing 
CCL2 in the presence of serum or specific stimuli [62]. 
Recent studies have demonstrated that CCL2 gene 
expression is upregulated in human fibrotic condition, as 
well as in animal models of fibrosis. In vitro studies show 
that CCL2 upregulates type I collagen mRNA expres- 
sion in rat fibroblasts, which is indirectly mediated by 
endogenous upregulation of TGF-/? gene expression 
[25]. CCL2 enhances expression of MMP-l , .MMP-2 as 
well as TIMP-1 in cultured skin fibroblasts [129]. Cur- 
rent studies have demonstrated increased expression of 
CCL2 in patients with SSc [14, 23, 34, 132, 133]. Ha- 
segawa et al, [34] demonstrated that serum levels and 
spontaneous production levels by peripheral blood 
mononuclear cells of CCL2 were elevated in patients 
with SSc compared with normal controls. Elevated ser- 
um CCL2 levels were correlated with pulmonary fibro- 
sis. Immunohistochemical analysis also showed 
increased expression of CCL2 in scleroderma skin [14, 
34, 133). Scleroderma fibroblasts express increased levels 
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of CCL2 mRNA and protein [23, 132]. Disiler ei al. [14] 
reported thai slimulaiion with PDGF resulted in a sig- 
nificant increase in CCL2 niRNA and proiein. Fur- 
ihemiorc, the autoinduction of CCL2 was observed in 
scleroderma fibroblasts, but not in normal fibroblasts 
[132). These in vivo and in vitro results suggest an 
important involvement ol'CCL2 in the pathogenesis of 
scleroderma. CCL2 acts indirectly via I L- la [129). IL-1(Z 
as well as IL-I receptor levels, in turn, were shown to be 
significantly increased in scleroderma [47]. In addition. 
IL-lot as well as TNF-a, are potent inducers of CCL2. 
Thus, in addition to a direct autocrine stimulatory loop, 
a mutual induction between IL-la and CCL2 might lead 
to a self-perpetuating activation of scleroderma fibro- 
l")lasts. CCL2 levels may also be increased by IL-I 3, 
because lL-13 is a potent stimulator of CCL2 [146]. 

As described before, increased numbers of mast cells 
are noted in scleroderma skin. CCL2 also recruits mast 
cells, in addition to monocytes [I 13]. Human mast cells 
are shown to be a rich source of chemokines, including 
CCL2, CCL3/macrophage inflammatorv protein- la 
(MlP-la), CCL4/MIP-1/? and CCL5/RANTES [104], as 
well as a number of cylokines/growth factors and 
mediators capable of activating fibroblasts or endothe- 
lial cells. Expression of stem cell factor (SCF), a mast 
cell growth factor, is upregulaied in scleroderma fibro- 
blasts [121]. SCF enhances CCL2 expression in human 
mast cells [134]. Because CCL2 enhances type I collagen 
mRNA expression in skin fibroblasts, the mutual inter- 
action between mast cells and fibroblasts via SCF/CCL2 
may play an important role in fibrosis. 

In the bleomycin model, expression of CCL2 in the 
infiltrating mononuclear cells was enhanced following 
bleomycin treatment, and expression of CCL2 in fi- 
broblasts was detected at later stages in the sclerotic 
skin [137]. Expression of CCR-2, a major receptor for 
CCL2, was also upregulated in the lesional skin at both 
protein and mRNA levels following bleomycin treat- 
ment. Administration of anti-CCL2 neutrahzing anti- 
body together with local bleomycin treatment reduced 
dermal sclerosis, along with collagen content in the skin 
iis well as mRNA expression of type I collagen. These 
data suggest that CCL2 and CCR-2 signaling plays an 
important role in the pathogenesis of bleomycin-in- 
duced scleroderma. CCL2 may contribute to the 
induction of dermal sclerosis directly, via its upregu- 
lation of mRNA expression of ECM on fibroblasts, as 
well as indirectly through the mediation of a number of 
cytokines released from immunocytes recruited into the 
lesional skin. 



Extracellular matrix 

Excessive deposition of connective tissue is the result of 
an imbalance between synthesis and degradation. 
Maintenance of the normal balance of tissue turnover 
requires tight control of the activation of latent proen- 



zymes and inhibition of proteolyiic activity by riMPs. 
TlMPs arc specific inhibitors of MMPs activity, and 
suggested to be important for fibrogenesis. TIMP-1 
expression in fibroblasts is regulated by several cyto- 
kines, among which TGF-/i is the most important in- 
ducer. TIMP-I has a growth stimulatory activity for 
skin fibroblasts [50]. Increa.sed deposition of ECM pro- 
teins together with a decrease of collagenase activity in 
scleroderma skin may be related to elevated levels of 
serum TIMP-I in patients with SSc [49]. Additionally, 
scleroderma fibroblasts produce increased amounts of 
TlMP-1 compared with normal fibroblasts [57, 1 12]. In 
the bleomycin model, TIMP-1 mRNA levels and con- 
centrations were selectively upregulated in the lesional 
skin, whereas neither TIMP-1 nor TlMP-3 significantly 
changed (Yamamoto et al,, manuscript in preparation). 

Plasminogen activation is regulated by the balance 
between PAs and plasminogen activator inhibitors 
(PAls). Recent findings suggest thai PAl-1 is upregu- 
lated in a variety of fibrotic diseases, including sclero- 
derma [15]. PAl-1 is strongly induced by TGF-^ [48] and 
its promoter contains Smad binding elements. In the 
bleomycin model, PAI-l expression at mRNA and 
protein levels, as well as protein production was upreg- 
ulated in the lesional skin [67]. On the other hand, 
dennal sclerosis was similarly induced even in PAI-1- 
deficicnt mice [67]. Although PAl-1 null mice are pro- 
tected from lung fibrosis [19], these results suggest that 
PAI-I plays an important role, but is not the prerequisite 
factor, in the development of bleomycin- induced 
scleroderma. 



Oxidant stress 

Reactive oxygen species (ROS) generated during various 
metabolic and biochemical reactions have multifarious 
effects that include oxidative damage to DNA. ROS can 
cause several abnormalities such as endothelial cell 
damage or enhanced platelet activation, leading to 
upregulation of the expression of adhesion molecules or 
secretion of inflammatory or fibrogenic cytokines 
including PDGF and TGF-/?; thus excessive oxidative 
stress has been implicated in the pathogenesis of 
scleroderma [97]. Indeed, scleroderma fibroblasts pro- 
duce ROS constitutively [98]. Other eflfects of oxygen 
radicals include the stimulation of skin fibroblast pro- 
liferation at low concentrations [76] and the production 
of increased amounts of collagen [21], suggesting that 
low oxygen tension may contribute to the increased 
fibrogenic properties of scleroderma fibroblasts. Fur- 
thermore, a study has demonstrated that several of the 
autoantigens targeted by scleroderma autoantibodies are 
fragmented in the presence of ROS and specific metals 
such as iron or copper [8]. The authors suggest that 
tissue ischemia generates such ROS, which induces the 
fragmentation of specific autoantigens. On the other 
hand, oxidative stress transiently induces CCL2 mRNA 
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and protein expression in cultured skin fibroblasts [24], 
suggesling thai ROS may play a regulatory role in 
inflammation by modulating monocyte chemotactic 
activity. 



Role of apoptosis 

Involvement of the apoptoiic process in the patho- 
genesis of SSc has been investigated 144, 99J. Endo- 
thelial cell apoptosis in particular is suggested to occur 
early in the pathogenesis of scleroderma. Endothelial 
ceil apoptosis was first noted in the VCD 200/206 
chickens that develop herediiary systemic connective 
tissue disease resembling human SSc [106], This phe- 
nomenon is observed before perivascular mononuclear 
cell infiltration occurred. Also, terminal deoxynucle- 
otidyl transferase (TdT)-mediated dUTP-biotin nick 
end-labeling (TUNEL) was shown to be positive on 
the endothelial cells in human scleroderma skin [99]. 
Recent studies have shown that apoptosis of endo- 
thelial cells induces resistance to apoptosis in fibro- 
blasts largely through Pl3K-dependent mechanisms 
[60]. Furthermore, fibroblasts exposed to medium 
conditioned by apoptotic endothelial cells presented 
myofibroblast changes [60]. By contrast, apoptosis of 
fibroblasts in SSc fibrotic skin lesions was not ob- 
serv^ed [24], and cultured scleroderma fibroblasts were 
resistant to Fas-induced apoptosis [44, 99]. Although 
the effect of TGF-/? on apoptosis differs according to 
cell type, stage of maturation and other (actors, TGF- 
pi may play a role in inducing apoptosis-resistant 
fibroblast populations in SSc [99]. In scleroderma fi- 
broblasts, Bcl-2 level was significantly higher, whereas 
the Bax level decreased significantly [99]. On the con- 
trary, not only in Tskl but also Tsk2 mice, alterations 
in endothelial apoptosis induction were not involved in 
the development of the disease [107]. Tn the bleomycin 
model, TLTNEL-positivity was prominently detected on 
keratinocytes and infiltrating mononuclear cells, but 
not endothelial cells and fibroblasts [140]. DNA frag- 
mentation revealed laddering of the whole skin fol- 
lowing bleomycin treatment. Increased expression of 
Fas was detected in infiltrating mononuclear cells at 
early phases, and FasL expression increased in 
mononuclear cells as well as fibroblasts in the sclerotic 
skin. Expression of FasL mRNA was upregulated by 
bleomycin treatment, whereas Fas niRNA was 
continuously detected. mRNA expression as well as 
activity of caspase-3 was also enhanced after bleomy- 
cin treatment. Administration of neutralizing 
anti-FasL antibody together with local bleomycin 
treatment reduced the development of dermal sclerosis, 
in association with the reduction of TUNEL-positive 
mononuclear cells and with the blockade of apoptosis. 
Caspase-3 activity was also significantly reduced after 
anti-FasL treatment. Excessive apoptosis, which is 
mediated by the Fas/FasL pathway and caspase-3 



activation, is involved in the pathogenesis of bleomy- 

cin-induced scleroderma. Injection of anti-FasL anti- 
body ameliorated the development of bleomycin- 
induced pulmonary fibrosis [58]. Abnormal regulation 
of apoptosis may contribute to the pathogenesis of 
scleroderma. 



Therapeutic approach 

Recent studies have demonstrated that blockade of 
TGF-/i either by antibodies against TGF-/? or by soluble 
TGF-/i receptor, inhibits the development of tissue 
fibrosis in the experimental animal models [70, 1 18, 125]. 
In blcomycin-induccd sclcrodemia, systemic adminis- 
tration of anti-TGF-^ antibody, which cross-reacts with 
TGF-/il and -/?2, in combination with local bleomycin 
treatment, suppressed the development of scleroderma 
[125]. This elfect was accompanied by the reduction of 
mast cell and eosinophil numbers. However, on account 
of the brief half-life of the antibody, repeated injections 
were required. Very recently, topical application of a 
peptide inhibitor of TGF-/? has been shov/n to amelio- 
rate skin fibrosis in bleomycin-induced scleroderma 
[100]. Future studies may address gene therapy targeting 
TGF-p signaling. 

Interferons (IFNs), in particular Il-N-)', cause potent 
inhibition of collagen production, correlating with a 
reduction in corresponding steady-state mRNA levels 
in cultured skin fibroblasts [18, 45, 96]. IFN-v de- 
creased TGF-/)-induced a-SMA expression in palatal 
fibroblasts, as well as changes in morphology [141]. 
Moreover, IFN-y inhibits the TGF-/^-indiiced phos- 
phorylation of Smad3 and the accumulation of Smad3 
in the nucleus, whereas induces the expression of 
Smad7, which prevents the interaction of Smad3 with 
the TGF-p receptor [114]. IFN-y has been evaluated in 
clinical trials for use in the treatment of SSc, and long- 
term treatment with IFN-y achieved moderate skin 
softening [38]. IFN-y is a powerful type 1 inducer of 
cellular immunity, which may indirectly contribute to 
the improvement of the imbalance in the type 2 shift. 
In the bleomycin model, systemic administration of 
IFN-y together with bleomycin reduced dermal sclero- 
sis, even after the onset of scleroderma [130]. On the 
other hand, IFN-a did not suppress the dernial scle- 
rosis induced by bleomycin. 

Overproduction of ROS is commonly found in 
scleroderma patients with an active disease state [97]. 
Bleomycin is known to generate ROS, such as super- 
oxide and hydroxyl radicals [81]. Therefore, a reduction 
of free radical formation may contribute to the de- 
crease of collagen content by inhibition of proline 
hydroxylation, which leads to the improvement of 
scleroderma. We observed the inhibitory effect of lec- 
ithinized superoxide dismutase (SOD), which shows 
high tissue accumulation and a long half-life in the 
blood, on bleomycin-induced scleroderma, suggesting 
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thai anti-oxidant therapy may lead to an anti-ftbrotic 
elTect [126]. However, post-onsel adminisiration of 
SOD could not attenuate the dermal sclerosis [126]. 

Haiofuginone has an inhibitory effect on collagen 
synthesis, and shows anii-fibrotic effecis in a few animal 
models of scleroderma. Haiofuginone attenuates colla- 
gen synthesis, as well as collagen gene expression in 
avian and murine skin fibroblasts [26]. Haiofuginone 
specifically inhibits al(l) collagen gene expression with- 
out affecting the synthesis of other types of collagen such 
as type II and HI (10, 64]. Haiofuginone inhibited TGF- 
/i-induced upregulation of collagen protein and a2(I) 
promoter activity, as well as phosphorylation and sub- 
sequent activation of Smad3 after TGF-/j stimulation 
[71]. Dermal application of haiofuginone on Tskl/ + 
mice for 60 days reduced dermal fibrosis as well as col- 
lagen aid) gene expression [91]. Intraperitoneally 
administered haiofuginone also prevented the thickening 
of the dermis and eliminated the increase of skin colla- 
gen in both Tskl/+ and cGvHD models [10]. By con- 
trast, bleom vein-induced scleroderma was not 
attenuated by treatment with haiofuginone [136]. Haio- 
fuginone may not aniehorale dermal sclerosis along with 
strong inflammation caused by repeated application of 
bleomycin. 

Hepatocyte growth factor (HGF) was originally 
identified and cloned as a potent mitogen for hepato- 
cytes. Recent fundings demonstrate that HGF prevented 
the progression of liver cirrhosis, renal fibrosis and 
pulmonary fibrosis. The promoter region of the HGF 
gene contains a TGF-/? inhibitory element. HGF induces 
proteases, which degradate ECM proteins, such as 
MMPs, membrane typel-MMP (MTI-MMP) and uro- 
kina.se-type plasminogen activator (uPA), and also de- 
creases TIMPs [66]. Gene transfer of HGF not only 
prevented the ongoing dermal sclerosis induced by 
simultaneous local injections of bleomycin, but also 
ameliorated the previously induced dermal sclerosis 
[120]. This efTect was mediated by suppressing TGF-^ 
levels. 



Perspective 

Complex networks involve cell-cell and . cell-matrix 
interactions via mediators in the induction of cutaneous 
sclerosis. Activated fibroblasts are a part of the immune 
system, and modulate immune cell behavior by condi- 
tioning the local cellular and cytokine microenviron- 
nient. We described here the characteristics of the 
experimental murine mode! of sclerodemia induced by 
bleomycin. This model reproduces histological dermal 
sclerosis with cellular infiltration, vascular damage, lung 
fibrosis and the production of autoantibodies. The 
induction of dermal sclerosis is considered to be, in part, 
mediated by inflammatory and fibrogenic cytokines, as 
well as by the direct effect of bleomycin on ECM syn- 
thesis in fibroblasts. Additional mechanisms such as 
apoptosis and production of ROS are also speculated to 



be involved in the induction of scleroderma. It must be 
mentioned that the animal model is a simplification of 
the more complex human scleroderma. Nonetheless, the 
pathogenic mechanism discovered in the animal model 
may provide novel information, and assist in helping us 
to understand belter, the mechanisms underlying human 
scleroderma. Animal models of scleroderma may also 
serve as promising tools for the development of new 
therapies specifically targeting individual cytokines, 
cytokine antagonists (i.e., antibodies, soluble receptors), 
cytokine mutants or of drugs that specifically interfere 
with the signal transduction pathways involved in the 
fibrotic process. 
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